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CONVERSATION I. 



INTRODUCTION. 



FATHER ^-CHARLES— EMMA, 

FATHER. la pursuing our 
course of natural- and experimental 
philosophy, we shall jiow proceed 
with that branch of science which is 
called Hydrostatics. 

Emma* That is- a difficult word ; 
what are we to understand by it ? 

Father. Alibost all tijre technical 
terms made use of in science are 
either Gi*eek or derived from the 
Crreek language. The wotd b)4i 

VOL. III. ^ 



2 HYDROSTATICS. 

statics is formed of two G^eek words, 
which signify water, and the science 
which considers the tveight of bodies. 
But hydrostatics, as a branch of na- 
tural philosophy, treats of the nature, 
gravity, pressure, and motion of fluids 
in general ; and of the methods of 
weighing solids in them. 

Charles. Is this an important part 
of J^nowledge ? 

^Father. Taken in this extensive 
sense, it yields to none as to its real 
importance. And the experiments 
which I shall show you are curious 
and highly amusing. 

Emma. Shall we be able to re- 
peat them ourselves ? 

Futlier. Most of them you will, 
provided you are very careful in 
using the instruments, almost all of 
which , ave made of gla^s. I ought 
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to tell you that many writers divide 
this subject into two distinct parts^ 
viz. hydrostatics and hydraulics ; the 
latter relates particularly to the mo- 
tion of water through pipes> conduits^ 
&c. 

In these Conversations, I shall pay 
no regard to this distinction, but 
shall, under the general title of hy* 
drostatics, describe the properties of 
all fluids, but principally those of 
water ; explaining, as we go on» the 
motions of it, whether in pipes, 
pumps, siphons, engines of different 
kinds, fountains, &c. Do you know 
what a fluid is ? 

Charles. I know how to distin- 
guish a fluid irom a solid: water and 
wine arfe fluids, but why they are sfo 
^called I cannot telh 

Father. A fluid is ^eivet^^ ^- 
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fin^ as a body, the parts of which 
readily yield to any impression, and 
in yielding are easily moved among 
each other. 

Emma. But this definition does 
not notice the wetting of other bodies 
brought into contact with a fluid. If 
I put my fingers into water or milk, 
a part of it adheres to them, and 
they Bre said to be wet. 

Father. Every accurate definition 
mu9t mark the qualities of all the in- 

, dividual things defined by it: now 
there. are many fluids which have 
not the property of wetting the 
hand when plunged into them. 
The airi we breathe i;^ a fluid, the 
parts of which yield to the least 

f pressure, but it does not adhere 
to the bodies surrounded by it, like 
water* 
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EmmU. Air, however, is so differ* 
ent from water, that, in this respect, 
they will scarcely admit of coiiipa*> 
rison. 

Charles. I have sometimes dipped 
my finger into a cup of quicksilver, 
font none of the fluid came away ^ith 
it. 

Father. You are right; and hence 
you will find that some writers on na- 
tural philosophy distinguish between 
fluids and liquids. Air, quicksilver, 
and melted metals, are fluids, but not 
liquids ; white water, milk, beer, wine, 
oil, spirits, &c., are fluids and liquids, 

Charles. Are we then to under* 
stand, that liquids are known by the 
property of adhering to different 
substauces which are immersed in 
them ? 

Father. This descriptiow '^^ \i<2N- 

ft 3 
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always bold ; for though mercury ^ 
not stick to your hand^ if plunged ii 
a cup of it> yet it. will adhere to ma 
metals, as tin, gold, &c. The distil 
tion between liquids and fluids is 
trodjiiQed into books more on accoi 
oC poiiupon convieniepce, than phi 
sophical accuracy : the liquid is i 
tiDguisibed by the cohesion gf it^f 
tides. with each other ^. 

Emma* You said, I believe, t 
a fluid isdefined as s^body, whose pi 
yield to the smallest force impress( 

Father. This is the definit 
of a perfect fluid : and the less fg 
that is required to move the p 
of a fluid, the more perfect i3 t 
fluid. 

i 

Cliarles. But how do people i 
sson respecting the particles of V 
f See Note, p^ge 14., 
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fluids are composed ? have thejr ever 
seen them ? 

; Father, Philosophers imagine they 
must he exceedingly smaJl, because, 
'.with their best glasses, they have 
never been able to discern them. 
And they contend, that these particles 
must be round and smooth, since 
•they are so easily moved among and 
over one another. If they are round, 
you know, there must be vacant 
spaces left between them. 

Emma, How is that ? 

Father. Suppose a number of can- 
non balls were placed in a large tub, 
or any other vessel (Plate i. Fig. 1), 
so as to fill it up even with the edge: 
though the vessel would contain no 
.more of these large balls, yet it would 
bold, in the vacant spaces, a great 
mwy smaller shot ; and Vs^v^^^e^ 
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these, others still smaller might be 
introduced ; and when the vessel 
would contain no more small shot, a 
great quantity of sand might be sha- 
ken in, and between the pores of 
these, water or other fluids would 
readily insinuate themselves. 

Emma. This I understand j but 
are there any other proofs that water 
is made up of such globular parti- 
cles ? 

Father. There are several : —all 
aquatic plants, that is, plants which 
live in water, have their pores round, 
and are thereby adapted . to re* 
ceive the same shaped particles of 
water : all 4nineral and medicinal 
waters evidently derive their peculiar 
character from the different sub- 
stances taken into their pores ; from 
which it has been concluded, that 
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the particles of water are globular, 
because such admit of the iarj^est in- 
tervals. 

Upon this principle tinctures, as 
those of bark, rhubarb, &c. are made: 
a quantity of the powder of bark, or 
any other substance, is put intp spi- 
rits of wine ; the very fine particles 
are taken into the pores of .the spirit; 
these change the colour of the mass; 
^ though it remains as transparent as 
it was before. 

Charles. But in these eases is not 
the bulk of the fluid increased ? 

Fatha\ In some instances it is, 
but in others the bulk will remain pre- 
cisely the same, as the following very 
easy experiment will s1k)w. 
' Take a phial with some rain water, 
mark very accurately the height at 
which the water standi ia tt\^A^^\:^^> 
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after which yoa may introduce a 
small quantity of salt^ which, when 
completely dissolved, you will find 
has not in the least increased the 
bulk of the water. When the salt is 
taken up, sugar may be dissolved in 
the water without making any addi- 
tion to its bulk. 

Emma, Are we then to infer, 
that the particles of salt are smaller 
than those of water,.and lie between 
them, as the small shot lie between 
the cannon balls ; and that the parti* 
cles of sugar, are finer than those of 
salt, and, like the sand among the 
shot, will insinuate themselves into 
vacuities too small for the admission 
of the salt ? 

Father. I think the experiment 
fairly leadb to that conclusion. An- 
pther fact respecting the particles of 
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fluids deserving your notice is, that 
they are exceedingly hard, and al-- 
most incapable of compression. 

Charles. What do you mean, sir, 
by compression ? 

Fathei\ I me^n the act of squeez-. 
ing any thing, in order to bring its 
parts hearer together. Almost all 
substances with which we are ac- 
quainted may, by means of pressure, 
be reduced into a less space than 
they naturally occupy. But water, 
oil, spirits, quicksilver, &c., cannot 
by any pressure of which human art 
or power is capable, be reduced into 
a space sensibly less than they natu- 
rally possess^. 

Emma. Has the trial ever been 
made ? 

Father. Yes, by some of the 
abiest philosophers that ^vet \\n^' 
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And it has been found, that water 
will find its way through the pores 
of gold even, rather than suffer itself 
to be compressed into a smaller 
space. 

Charles. How was the experi- 
ment made ? 

Father. At Florence, a celebrated 
city in Italy, a globe made of gold 
was filled with water, and closed so 
accurately that none of it could 
escape. The globe was then put 
iuto a press, and a little flattened at 
the sides : the consequence of which 
was, that the water came through 
the fine pores of the golden globe, 
and stood upon its surface like drops 
of dew. 

Charles. Would not the gbbe 
contain as much after its sides were 
|)^nt in as it did before ? 
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- Fattier. It would not ; and as 
the water forced its way tluough the 
gold rather than suffer itself to be 
brought into a smaller space than it 
naturally occupied, it was concluded 
at that time, that water was incom- 
pressible. Later experiments have, 
however, shown, that those fluids 
which were esteemed incompressible 
are, in a very small degree, as, per- 
haps, one part in twenty thousand, 
capable of compression. 

Emma, Is it on this account you 
conclude that the particles are very 
bard ? 

Father. Undoubtedly : for if they 
were not so, you can easily conceive, 
that since there are vacuities between, 
them, as we have shown, and as are 
represented in Fig. 1 , they must by 
very grea^ressure be brought Q.\ft^"et 
VOL. III. i C 
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together, and would evidently occupy 
a less space, which is contrary to 
fact. 

Note. — Water, oil, spirits, ^., are said to 
be incompressible, not because they are abso* 
lately so, but because their compressibility is 
so very small as to make no sensible difference 
in calculations relative to the several proper-^ 
ties of those fluids. 

Mr. Canton discovered the compressibility 
of water in the year 1761, and he says, that 
from repeated trials he found that water will 
expand, and r^se in a tube, by removing the 
weight of the atmosphere, about one part in 
21,740, and will be as much compressed under 
the weight of an additional atmosphere.-^ 
PkiL Trans, Vol. LII. 

A fluid, that has no immediate tendency 
to expand when at liberty, is commonly const- 
dered as a liquid, as water, oil, &c. See 
Young's Lectures, vol. i, p. 259, 
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CONVERSATION II. 



Of the Weight and Pressure of Fluids. 

FA THER. In our last Conver- 
satioD we considered the nature of the 
component parts of fluids: I must 
now tell you, that these parts or par- 
ticles act, with respect to their weight 
or pressure, independently of each 
other. 

Emma. Will you explain what 
you mean by this ? 

Father. You recollect, that, by 
the attraction of cohesion^, the parts 
of all solid substances are kept to- 
gether, and press into one common 

* See Vol. I, Of MecK%tk\c%,i:*w>NtKL-V^- 
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mass. If I cut a part of this wooden 
ruler away, the rest will remain in 
precisely the $aine situation as it was 
before. But if I take some water out 
of the middle of a vessel, the remain- 
der flows instantly into the place from 
whence that was taken, so as to bring 
the whole mass to a leveL 

Charles. Have the particles of 
water no attraction for each other ? 

Father. Yes, in a slight degree. 
The globules of dew* on cabbage 
plants prove, that the particles of 
water have a greater attraction to 
one another, than they have to the 
leaf on which they stand. Neverr 
theless, tbiis attraction is very small, 
and you can easily conceive, that if 
the particles are round they will 
touch each other in very fi^w parts^ 

♦ See Ypl, I^ Of Mepbanips^ Coa^ef. JV* 
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and slide with the smallest pressure. 
Joiagine that a few of the little glo- 
bules were taken out of the vessel 
(Fig, 1), and it is evident that the 
surrounding ones would fall into their 
place. It Ts upon this principle that 
the surface of every fluid, when at 
rest, is horizontal or level. 

Charles. It is upon this principle 
that water-levels are constructed ? 

Father. It is : the most simple 
kind of water-level is a long wooden 
trough, which, being filled to a cer- 
tain height with water, its surface 
$hows the level of the place on which 
it stands. 

Charles. I did not allude to this 
kind of levels, but to those smaller 
ones contained in glass tubes. 

Father. These ;ire, more properly 
speaking, air* levels. TVi^k^ ^aj^^^Jic^^^ 
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constructed (Plate i, Fig. 2) : d i& 
a glass tube fixed into l, a socket^ 
made generally of brass. The glafiss 
is. filled with water^ or soofie other 
fluid, iu which is enclosed a single 
bubble of air. When this bubble 
fixes itself at the mark a^ made ex* 
acllv in the middle of the tube, the 
place on which the instrument stands 
is perfectly level. When it is not 
level, the bubble will rise to the 
higher end. 

JSmma. What is the use of these 
levels ? 

Father. They are fixed to a va- 
riety of philosophical instruments, 
6uch as quadrants, and telescopes for 
surveying the heavens; and theo- 
dolites for taking the level of any 
part of the earth. They are also use- 
ful in the more commoq occurrences 



of life. A single instance will show 
their Vitlue: clocks will not keep true 
time unless they stand very upright ; 
now, by means of one of those levels, 
you may easily ascertain whether the 
bracket, upon which the clock in the 
passage stands^ is level. 

Emma. But I remember when 

Mr. F brought home your clocks 

h.e tried if the bracket was even by 
nieans of one of Charles's marbles. 
How did he know by this? 

Father. The marble, being round, 
touched the board in a point only, 
consequently the line of direction* 
could not fall through that point, 
unless the bracket was very level ; 
therefore, when the marble was 
placed in two or more different parts 
of the board, and did not move to 
* Sec VoL I^ Of lVlech3LU\c^>Cwy.^^x •>;?:?>-» 
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one side or the other, he might 
safely conclude that it was a level. 

Charles. Then the water-level and 
the rolling of the marble depend oa 
the same principle ? 

Failver. They do, upon the sup- 
position that the particles of water 
arie round. The water-level will, 
however, be the most accurate, be- 
cause we may imagine that the parts 
of which water is composed are per- 
fectly round, a nd,» therefore, as may 
be geometrically proved, they will 
touch only in an infinitely small 
point; whereas marbles, made by 
human contrivance, touch in many 
such points. 

We now come to another very du- 
rious principle in this branch of sci- 
ence, m%. tJuit fluids press equaily in 
all directions. All bodies, both fluid 
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and solid, press downwards by the 
force of gravitation^ but fluids of all 
kinds e^ert a pressure upwards and 
sideways equal to their pressure 
downwards. 

Emma. Can you show any expe- 
riments in proof of this ? 

Father, a b c (Plate i. Fig. 3) 
is a bended glass tube : with a small 
glass funnel (Plate i, Fig. 4) pour 
in the moiith a a quantity of sand. 
You will find that, when the bottom 
part is filled, whatever ispoured in 
afterwards will stand in the side of 
the tube ab, and not rise in the 
other side bc. 

Charles. The reason of this is, 
that by the attraction of gravitation 
6;tl bodies have a tendency to the 
fiarth ^ ; that is, in this case, to the 

* See Vol. I, .Of Mcdi-a.ti\c^, C^TiN^t.N . * 
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lowest part of the tabe ; but, if the 
sand ascended in the > side b c, its 
motion would be directly the reverse 
of this principle. 

Father. You mean to say, that 
the pressure would be upwards, or 
from the centre of the earth. 

Charles. It certainly would. 

Father. Well, we will pour away 
the sand, and put water in its place: 
what do you say to this? 

Emma. The water is level in both 
sides of the tube. 

Father. This then proves, that, 
with respect to fluids, there is a pres- 
sure upward at the point b as well 
as downwards. I will show you an- 
other experiment. 

A B (Plate I, Fig. 5) is a larp 
"tube or jar having a flat bottor 
<z i^ is a similar tube open at b 
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ends. While I fill the jar with wa- 
ter, I take care to hold the small' 
tube so close to the liottom of the. 
jar as to prevent any water from get- 
ting into the tube. I then raise it a 
little, and you see it is instantly filled 
with water from the jar. 

Charles. It is : and the water is 
level in the jar and the tube. 

Father. The tube, you saw, was 
filled by means of the pressure upr 
wards, contrary to its natural gra- 
vity. 

Take out the tube; now^ the water 
having escaped, it is filled with air. 
Stop the upper end a with a cork, 
and plunge it into the jar, the water 
will only rise as high as b. 

Emma. What is the reason of 
thisy* papa ? 

Father. The air with which the 
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tube was filled is a body, and UQiess 
the water were first to force it out 
from the tube, it cannot take its 
place. While this ink-stand remains 
here, you are not able to put any 
other thing in the same part oi 
space. 

Charles. If air be a substance, 
and the tube is filled with it, how 
can any water make its way into the 
tube ? 

Father. This is a very propel 
question. Air, though a substance 
and, as we have already observed, i 
fluid too, difiers from fpater in thi; 
respect, that it is easily compressible 
that is, the air, which by the natu 
ral pressure of the surrounding at 
mosphere, fills the tube, may, by thi 
additional upward pressure of the wa 
ter, be reduced into a snialler spaae 
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jELS a b. Another experiment will 
illustrate the diiTerence between 
compressible and incompressible 
fluids. 

Fill the tube, which has still a cork 
in one end, with some coloured li- 
quor, as spirits of wine; over the 
other end place a piece of pasteboard, 
held close to the tube to prevent any 
of the liquor from escaping: in this 
way introduce the tube into a vessel 
of water, keeping it perpendicular all 
the time : you may now take away 
the pasteboard, and force the tube 
to any depth, but the spirit is 
not like the air, it cannot in this 
manner be reduced into a space 
smaller than it originally occupied. 

Emma. Why did not the spirits of 
wine run out of the tube into the 
water ? 

ft 

VOL. in. i> 
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Father. Because spirits are lighter 
than water^ and it is a general prin- 
ciple, that the lighter fluid always 
ascends to the top. 

Take a thin piece of hom or paste^ 
board, and while you hold it by the 
edges, let your brother put a pound 
weight upon it : what is the result ? 

Emma. It is almbst bent out of 
my hand. 

Father. Introduce it now into a 
vessel of water at the depth of twelve 
or fifteen inches, and bring it parallel 
to the surface. In this position, it 
sustains many pounds weight of 
water. 

Charles. Nevertheless, it is not 
bent in the least. 

Father. Because the upward pres- 
sure against the lower surface of the 
horn is exactly equal to the pressure 
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downward, or, which is the same 
thing, it is equal to the weight of the 
water which it sustains on the upper 
surface. 

Emma. Is this the case be the 
depth what it will ? 

Father. It is: because at all 
depths, the pressure upwards and 
downwards are always equal : in other 
words^ <' fluids press equally, in all 
(directions/' 

You may vary these experiments 
by yourselves till we meet again: 
when we shall resume the same 
subject. 
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CONVERSATION lit. 



Of the Weight and Pressure qf Fi 

CHARLES. When you wen 
plaining the principle of the VI 
and Axis^, I asked the reason ' 
as the bucket ascended near th( 
of the well, the difficulty in ra 
it increased ? I have just now fi 
another part of the subject be; 
my comprehension. After the bu 
is filled with water, it sinks to 
bottom of the well, or as far as 
rope will suffer it ; but in drawi 

♦ See Vol. I, Of Mjechanics, Conver. 3 
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up through the water, it seems to 
have little or no weight till it has 
ascended to the surface of the water. 
How is this acccounted for ? 

Father. I do not wonder that 
you have noticed this circumstance 
as singular. It was long believed by 
the ancients that water did not gra- 
vitatC) or had no weight, in water : 
or, as they used to express it more 
generally, that fluids do not gravi* 
tate in propria loco. 

Emma. I do not understand the 
meaning of these hard words. 

Father. Nor would I have made 
use of them, only that you can scarcely 
open a treatise on this subject without 
fmding the phrase. I will explain 
their meaning without translating the 
words, because a mere translation 
would give you a very inadequate 
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idea of what the writers intended to 
express by them. 

. , No one ever doubted that water 
and other fluids had weight when 
considered by themselves; but it was 
supposed that they had no weight 
when immersed in a fluid of the same 
kind. The fact which yoor brother 
has just mentioned respecting the 
bucket was the grand argument upon 
which they advanced and main- 
tained this doctrine. 

Emma. Does it not weigh any 
thing, then, till it is drawn above 
the surface ? 

Father. You must, my little girl, 
have patience, and you shall see 
how it is. Here is a glass bottle a 
(Plate I, Fig. 6), with a stop^cocfr 
B cemented to it^ by means of whic 
thie air may be exhausted from t 
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bottle, and prevented from returning 
into it again. The whole is niade 
sufficiently heavy to sink in the vessel 
of water Cd. 

The bottle must be weighed in air> 
that is, in the common method ; and 
suppose it weighs 12 .ounces, let it 
now be put into the situation which 
18 represented by the figure, when 
the weight of the bottle must be 
again taken by putting weights into 
the scale z. I then open the stop- 
cock while it is under water, and 
the water immediately rushes in and 
fills the bottle, which overpowers the 
weights in the scale. I now put other 
.weights, say 8 ounces, into the scale, 
4o restore the equihbrium between 
rthe bottle and soale^ It is evident, 
then* that 8- ounces is the weight 
of the water in the bottle^ while 
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d under water. Fasten the 

and weigh the bottle in the 

/ay in the air. 

^ks. It weighs something more 

ounces. 

ler. That is 12 ounces for the 

and 8 ounces for the water, 
3 a small allowance to be made 

drops of water that adhere to 
tside ot the bottle. Does not 
periment prove that the water 
bottle weighed just as much in 
r of water as it weighed in the 

ma. I think it does. 
her. Then we are Justified in 
ding, that the water in the 
:, which the bottle may repre- 
nreighed as much while under 
in the well, as it did after it 
ised above the surface. 
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Charles. This fact seems decisive, 
but the difiicalty still remains in my 
xnitid, for the weight of the bucket is 
not felt till it is rising above the sur- 
face of the water. 

Father. It may be thus accounted 
for : any substance of the same spe- 
cific gravity with water^ may be 
plunged into it, and it will renrain 
wherever it is placed, either near the 
bottom, in the middle, or towards the 
top, consequently it may be moved 
in any direction with the application 
of a very small force. 

Emmc^. What do you mean by 

the specific gravity of a body f 

i' 

Father. The specific gravity of 
any body is its weight compared With 
that of any other body * . Hence it is 
also called the comparative gravity : 

* Sec Conversation X, &.c* . - 
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thus if a cubical inch of watef be 
equal in weight to a cubical inch of 
any particular kind of wood, the 
specific or comparative gravities of 
the water and that particular wood 
are equal. But since a cubical inch 
of deal is lighter than a cubical inch 
of water, and wat^r is lighter than the 
same bulk of lead or brass, we say the 
specific gravity of t,he lead, or brass, 
is greater than that of water, and the 
specific gravity of water is greate* 
than that of deal. 

Charles. The water in the buckr 
must be of the same specific gravif 
with that in the well, because it i; 
part of it. 

Father. And the wooden buc 
difiers very little in this respect fr 
the water; because, though the w 
is lighter, yet the iron of whic' 
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iioops and handle are composed is 
specifically heavier than watery so 
that the bucket and water are nearly 
of the same specific gravity with 
the water in the well, and there- 
fore it is moved very easily through 
it. 

Again, we have already proved 
that the upward pressure of fluids 
is equal to the pressure downwards^ 
therefore the pressure at the bottom 
of the bucket upwards being pre- 
cisely equal to the same force in a 
contrary direction, the application 
of a very small force, in addition to 
the upward pressure, will cause the 
bucket to ascend. 

Emma. Do you account for the 
easy ascent of the bucket upon the 
sanie principle by which you have 
showh that horn or pasteboard ^^ 
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not be bent, when placed horizo 
tally at any depth of water ? 

Father. Yes, I do: and I iv 
show you some other experimer 
to prove the eSect of the upwa 
pressure. 

Take a glass tube, open at bo 
ends, the diameter of which is abo 
the eighth of an inch, fill it wi 
water, and close the top with yoi 
thumb ; you may now take it o 
of the water, but it will not empi 
itself so long as the top is ke] 
closed » 

Charles. This is not the upwai 

< 

pressure of water, because the tul 
was taken out of it. 

Father. You are right : it is tt 
upward pressure of the air, whic 
iif][kile the thumb is kept on the t 
^1^. not coynterbalanced by any dk> 



ward pressure, therefore it keeps the 
water suspended in the tube- . 

Take this ale- glass, fill it with 
water, and cover it with a piece of 
writing' paper ; thea place your hand 
evenly over the paper, so as to hold 
.it very tight about the edge of the 
glass, which you may invert^ and 
then take away your hand with- 
out any danger of the water faUing 
out. 

Ejnma. Is the water sustained l)y 
the upward pressure of the air ? 

Father. The upward pressure of 
the air against the paper sustains the 
weight of water, and prevents it iroii!i 
falling. 

You have seen the instrument 
used for tasting, of beer or wine ? 
■ Emma. Yes ; it is a tin tube^ that 
holds about half a pint, into.iwhicll 

VOL. III. IS. 
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very small tubes are inserted at the 
tpp and bottom. 

^ Father. The longer one is put 
into the hole made for the veut-peg, 
and then the beer or wine is, by 
drawing out the air from it, forced 
into the large part of the tube, and, 
by. patting the thumb or finger on 
the upper part, the whole instrument 
may be taken out of the cask, and 
removed any where, for the pressure 
of the air against the bottom surface 
of the lower tube keeps the liquor 
fcoin runaing out ; but the moment 
the thumb is taken from the top; ihe. 
Jiquor descends by the downward 
pressure of the air. 

Charles. Is it for a similar reason 
that vent-holes are made in casks ? 

Fqtker. It is : for when a cask is 
full, and perfectly close, there is no 
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downward pressure, and therefore the 
air pressing against the moath of the 
cock keeps the liquor from running 
out ; a hole made at the top of the 
cask admits the external pressure of 
the air, by which the liquor is forced 
out. In large casks of ale or porter, 
where the demand is not very greiit, 
the vent- hole need seldom be usedt 
for a certain portion of the air cod- 
tained in the liquor escapes, and, be* 
ing lighter than the beer, ascends to 
the top, by which a pressure is cre- 
ated without the assistance of the 
external air. 
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CONVERSATION IV. 



JQJ the lateral Pressure qf Fluids. 

' ' FATHER. It is time now to ad- 
vance another step in this science, 
and to show yoii that the lateral, or 
rfrfe pressure is equal to the perpen- 
d&ular pressure. 

'^'^ Efttma. If the'uptiirard pressure is 
equal to the downward, and the side 
pressure is also equal to it, then th 
pressure is equal in all directions. 

Father. You are right. Thoug 
the side direction may be varied" 
many ways, yet there are only t 
upward, downward, and lafteral 
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ructions. The two former we have 
shown are equal. That the side pres- 
sure is equal to the perpendicular 
pressure downwards is demonstrated 
by a very easy experiment. 

AB (Plate I, Fig. 7) is a vessel 
filled with water, having two equal 
orifices, or holes, a b, bored with the 
same tool, one at the side, and the 
other in the bottom : if these hofes 
are opened at the same instant, and 
the water sufiered to run into two 
glasses, it will be fdund, that, at the 
end of a given time, they will have 
discharged equal quantities of water; 
which is a clear proof that the water 
presses sideways as forcibly as it does 
downwards. 

Charles. Are we then to take it 
as a general principle, that fluids press 
in every possible direction ? 

1L^ 
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Father. This, I think, our ex| 
ritnents have proved : but you mi 
not forget, that it is only true upc 
the supposition that the perpendiculc 
heights are equal. For in the lai 
experiment, if the hole b had beei 
bored an inch or two higher in the 
side of the vessel, as at r, the quan- 
tity of water running out at a would 
have been greater than that atb; and 
much greater would it have been, if 
the hole had been bored at four or 
five inches above the bottom of thp 
vessel. 

This subject of pressure may be 
farther illustrated. At the bottom of 
this tube zy (Plate I, Fig, 8), open 
at both ends, I have tied a piece of 
gladder, and have poured in water 
tUl it stands at the mark x. Ovwing 
to the pressure of the wateri^tl^^ ^blaAt 
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der is convex, that is, bent out- 
wards ', dip it into the jar (Fig. 6), 
the bladder is still convex : thrust it 
gently down ; the surface of the wa^ 
ter in the tube is now even with that 
in the jar. 

Emma. It is ; and the bladder at 
the bottom is become flat. 

Father. The perpendicular depths 
being equal, the pressure upward is 
equal to that downwards, and the 
water in the tube is exactly balanced 
by the water in the jar. Let the 
tube be thrust deeper into the waten 

Cliaries. Now the bladder is beni 
upwards. 

Father. The upward pressure ii 
estimated by the perpendicular depth 
of .the water in the jar, measured from 
tt}e siiy&oe to the bottom •f the tubei 
but the pressure downwards must be 
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estimated by the perpendicular height 
of the water in the tabe, which being 
less than the former, the pressure up*^ 
ward in th^ same proportion over- 
comes that downwards, and forces 
up the bladder into the position as 
you see it. This and the following 
experiment are some of the best that 
can be exhibited in proof of the up- 
ward pressure of fluids. 

Dip an open end of a tube, having 
a very narrow bore, into a vessel of 
quicksilver ; then stopping the upper 
orifice with the finger, lift up the 
tube out of the vessel, and you will 
see a sort of column of quicksilver 
hanging at the lower end, which, 
when dipped in water lower than 14 
times its own length, will, upon re* 
movhig the finger, be pressed up* 
wards into the tube. 
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t 

^Kmma. Why do you fix upon 14 
times the depth ? 

Father, Because quicksilver is 14 
times heavier than water. Upon this 
principle of the upward pressure, lead 
or any other metal tt\ay be made to 
sWim in water, ab (Plate i, Fig. 9) 
is k vessel of water, and a 6 is a glass 
tube open throughout, d is a string 
by which a flat piece of lead x rmy 
be held fast to the bottom of the 
tube. To prevent the water from 
getting in between the lead and the 
gtass, H piece of wet leather is first 
put over the lead. 

In- this ^tuation, let the tube be 
immersed in the vessel of water, and 
if'it be plunged to the depth of about 
eleVen times the thickness of the lead 
before *the string beletgo,'ihe lead 
will not fall from the tube, but he 
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kept adhering to it by the upward 
pressure below it. 

Emma, Is lead 11 times heavier 
than water ^ 

Father. It is between 1 L and 12 
times heavier; and therefore to make 
the experiment sure, the tube should 
be plunged somewhat deeper than 11 
times the thickness of the lead. 

Charles. Is it not owing to the 
wet leather that the lead sticks to 
the tube, rather than to the upward 
pressure ? 

Fat/ier. If that be the case^ it 
will remain fixed if I draw up the 
tube an inch or two higher :-^l will 
try it. 

Emma. It has fallen off. 

FaUier. Because, when the tube 
was raised, the up ward, pressure was 
diminished sq much as to become too 
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small to balance the weight of the 
lead. But if the adhering together 
of the lead and tube had beeti caused 
by the leather^ there would be no 
reason why it should not operate the 
same at six or nine times the depth 
of the lead's thickness, as well as at 
I i or 12 times that thickness. 

This last experiment is neatly de- 
scribed by Mr. Capel LofTt in the 
following lines : — 



-And since on every side 



The fluid presses with an equal force. 
Proportioned to the column of its height, 

» 

The yielding water may be made to buoy 
Or lead or gold, if, artfully, so much 
Be made to float above the weight imniers'd^ 
As, in proportion to the mass entire. 
Equals the difference of gravity 
Between the Jluid and the solid mass. 

EunosiA. 



*1S HYDROSTATICi, 



,-« 



CONVERSATION V. 



Of the Hydrostatical Paradox, 

EMMA. You are to explain a 
paradox to-day : I thought natural 
philosophy had excluded all para- 
doxes. 

Father. Dr. Johnson has given 
this definition of a paradox, *^ ah 
assertion contrary to appearances:'* 
now the assertion which I am to 
refer you to is, that any quantity of 
water y however small^ may be made to 
balance and support dny quantity, 
however large. That a pound of 
water, for instance, should, without 
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any mechanical advantage, be made 
to support tenpounds> or a hundred^ 
or even a ton weight, seems at first in- 
credible ; certainly it is contrary to 
what one should expect, and on that 
account the experiment to show this 
fact has usually been called the hy- 
drostatical paradox. 

Charles. It does appear unac* 
countable : I hope the experinftnts 
may be very easy to be understood. 

Father. Many have been invented 
for the purpose, but I know of none 
better than those described by Mr. 
Ferguson in his lectures on select 
subjects. 

OBGH (Plate II, Fig. 10) is a 
glass vessel, consisting of two tubes 
of very different sizes, joined tog!^ 
ther, and freely communicating with 
one another. Let water be poured 

VOL. Ill, ^ 
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in at H, which will pass through the 
joining of the tubes, and rise in the 
wide one to the same height exactly 
as it stands in the smaller: which 
shows that the small column of wa- 
ter in D G balances the large one 
in the other tube. This will be the 
case if the quantity of water in the 
small tube be a thousand or a million 
of times less than the quantity in the 
larger one. 

If the smaller tube be bent in any 
oblique situation, as g f, the water 
will stand at f, that is, on the same 
level as it stands at a. This would 
be the case, if instead of two tubes, 
4here were any given number of 
them connected together at b, and 
Taried in all kinds of oblique direc* 
tions, the water would be on a level 
in them all ; that is, the pfrpendku- 
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tar height 6f the water would be tl>e 
same. 

Charles. This does not quite sa- 
tisfy niej because it appear^ that a 
great part of the water in the large 
lube is supported by the parts b 
iabout the bottom^ and therefore that 
the water in the smaller tube only 
sustains the pressure of a column of 
water, the diameter of which is equal, 
to its own diameter. 

Father. This would be the case if 
the pressure^f fluids were only down- 
wards^ but we have shown that it. 
acts in all directions : and therefore 
the pressure of the parts near the side 
of the tube acts against the column. 
in the middle, which you suppose is 
the only part of the water sustained 
by that which is contained in the. 
small tube^ consequently the smaller 
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quantity of water in db sustains the 
larger one in ab. 

Let us try another experiment. 

ABC and ABC (Plate ii, Figs. 
11 and 12) are two vessels, hav- 
ing their bottoms d d and d d 
exactly equal, but the contents of 
one vessel is 20 times greater than 
the other; that is. Fig. 11, when 
filled up to A, will bold but one 
pint of water, whereas Fig. 12, 
when filled to the same height, will 
hi^ld 20 pints. Brass bottoms, c c, 
are fitted exactly to each vessel, and 
made water-tight by pieces of wet 
leather. £ach bottom is joined to 
its vessel by a hinge i>, so that it 
opens downwards, like the lid of a 
box. By means, of a little book- 
d^ a pulley v, and a weight e^ tha^ 
bottom is kept close to the yesselii 
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and will hold a certain quantity of 
water. 

Emma. That is, till the zveight of 
the water overcome the weight £. 

Father. I should rather say, till 
the pressure of the water overcome 
the weight j&. 

Now hold the vessel (Fig. 12) 
upright in your hands, while I gra- 
dually pour water into it with a fun- 
nel ; the pressure bears down the 
bottom, and, of course, raises the 
weight, and a small quantity of tlie 
water escapes. Let us mark the 
height HA, at which the surface of 
the water stood in the vessel when 
the bottom beigan to give way. 

Try>be other vessel (Fig. 11) in 
the same manner, and we shall see 
that when the water rises to a, that 
is, to just the same height ioi tiiis 
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vessel as in the for^ner, the bottom 
will also give way, as it did in the 
other case. Thus equal weights are 
overcome in the one case by 20 pints 
of water, and in the other by a single 
pint. The same would hold good if 
the difference were greater or less in 
any given proportion. 

Emma. What is the reason of this, 
papa ? 

Father. It depends upon two 
principles, with which you are 
now acquainted. The first is, that 
fluids press eqqally in all direc- 
tions: and the second is, that 
action and re-action are equal 
and contrary to each other*. The 
water, therefore, below the fixed part 
^f will press a^ much upward 
ugainst the inner rarface, by the ac^ 

* 9tt YiiU I, Of Mttbaiucs, CtflTier. XI. ' 
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lion of the small column, as it would 
by a column of the same height y and 
of any other diameter whatsoever : 
and since action and redaction are 
equal and contrary, the action against 
the inner surface b/ will cause an 
equal re-action of the water in the ca- 
vity b/c d against the bottom c, 
jconsequently the pressure upon the 
bottom of Fig. 1 1 will be ^s great as 
it was upon the same part of Fig. 12. 
Charles. Can you prove by ex- 
periment that there is this upward 
pressure against the inner surface 

Father. Very easily: suppose at/ 
there were a little cork, to which a 
small string was fixed : I might 
place a tube over the cork, and then 
draw it out, the Consequence of which 
would be^ that the water vfil^^^^'^db^ 
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would force itself into the tube, and 
stand as high in it as it does in the 
vessel. Would not this experiment 
prove that there was this upward 
pressure against b/? 

Charles. It would: and I can ea- 
sily conceive that if 6ther tubes were 
placed, in the same manner, in differ- 
ent parts of b/, the same effect would 
be produced. 

Father^ Then you must admit, 
that the action against b/, or, which 
is the same thing, the re-actioa 
against c, that is the pressure of the 
water against the bottom, is equally 
great as it would be if the vessel were 
as large in every part as it is at the 
bottom, and the water stood level to 
the height a a. 

Charles. Yes, I do: because if 
tubes were placed in every part of 
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b/, the same effect, would be pro- 
duced in them 'all, as in the single 
one at f\ but if the whole surface 
were covered with small tubes, theire 
would then be little or no difference 
between the two vessels. (Figs. 11 
and 12.) 

Father, There would be no dif- 
ference, provided you kept filling the 
large tube, so that the water should 
stand in them all at the same level 
A a. Otherwise, the introduction of 
a single tube a/ would make a ma- 
terial difference : for though the 
water in a c would overcome the 
weight E, yet if with my hand I 
prevent any of the water from twa* 
ning out till I have taken out the 
cork, and suffered the water to^ force 
itself out of the vessel into the small 
tube/ 1 may remove my hand with 
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safety; for the water will not over- 
come the weight now, though there 
is certainly the same quantity of wa* 
ter in it as there was before the little 
tube (i/was inserted. 

Emma. I think I see the reason of 
this : the water stood as high as a <i 
before the little tube was introduced, 
but now it stands at the' ievei x x» 
and you told us yesterday that the 
pressures were only equal, provided 
the perpendicular heights were also 
equal. 

Father. I am glad to find you so 
attentive to what I say. In order 
that the pressure may overcome the 
weight E, you must put in more wa- 
ter till it rise to the level a a, and 
now you see the weight rises, and the 
water flows out. 

I will put anotlier tube, and tbe 
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water rushing into that causes the 
level to descend again to xx^ and 
I must put more water in to bring 
the level up to a a^ before it can 
overcome the weight e. What I 
have shown in these two cases will 
hold true in all, supposing 3'ou fill 
the cover with tubes. 

Charles. I see, then, that it is 
the difference of the perpendicular 
heights which causes the difference of 
pressure, and can now fully compre- 
hend the reason why a pint of water 
may be made to balance or support 
a hogshead : or in the words with 
which you set out, that any quantity 
of water y however small^ may he made 
to balance and support any other 
quantity i however large. 

Father. It is to this principle in 
hydrostatics that Mr. Capel Lofft re* 
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fers in his work entitled '^ Eudosiat 
or a Poem on the Universe :'* 

All homogeneous fluids^ which ascend. 
To equal heights, and join in equal base. 
Balance each other ; howsoe'er in form 
Of the containing vessel disagreed. 
Or in the fluid quantity contained. 

Emma. What does he mean by 
the word homogeneous ? 

Father. Homogeneous fluids are 
fluids of the same hnd. What has 
been proved with regard to water 
may be shown to hold with regard to 
wine, or oil, or any other fluid. But 
the experiment will not answer if 
different fluids are made use of, as 
water and oil together. 
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CONVERSAtlON VI. 



Of the Hydrostatic Bellozt^s. 

FATHER, I think we have made 
it sujfficiently clear that the pressure 
of fluids ' of the same kind is always 
proportional to the area of the base 
multiplied into the perpendicular 
height at which the fluid stands^ 
without any regard to the form of the 
vessel, or the quantity of fluid con*- 
tained in it. 

Emma. I cannot help saying, that 
it still appears very mysterious to me^ 
that a pint of water (Fig. 11) 
should iiave an equal pressure with 

VOL. III. G 
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the 20 pints in the next vessel. Yon 
will not say that one pint weighs as 
much as the 20. 

Father. Your objection is proper. 
The pressure of the water upon' the 
bottom c c does not in the least alter 
the weight of the vessel and water 
considered as one mass ; for the ac- 
tion and re-action, which cause the 
pressurCy destroy one another with re- 
spect to the weight of the vessel, 
which is as much sustained by the 
action upwards as it is pressed by the 
re-action downwards. 

The pressure of water and other 
fluids differs from the gravity or 
weight in this respect ; the weight is 
according to the quantity s but the 
pressure is according to the perpendi* 
cular lieight. 

Charles. Suppose both vessels wer^ 
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fill^ with any solid substance, would 
the effect produced be very different ? 

Father. If the water were changed 
into ice^ for instance, the pressure 
upon the bottom of the smaller vessel 
would be much less than that upon 
the larger. 
^ Here is another instrument (Fig. 
13) to show you that a very few 
ounces of water will lift up and sus- 
tain a large weight. 

Emma. What is the instrument 
called? 

Father. It is made like com- 
mon bellows, only without valves, 
and writers have given it the name 
of the hydrostatic bellows. This 
small tin-pipe eop communicates with 
the inside of the bellows. At present 
the upper and lower board are kept 
close to one another with the weight 
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w. The inside of the boards is not 
very soiootb^ so that water may in- 
sinuate itself between them: pour 
this half pint of water into the tube. 

Charles. It has separated (he 
boards and lifted up the weight. 

Father. Thus you see that seven 
or eight ounces of water has raised 
wd continues to sustatii a weight of 
d61bs. By diminishing the bore of 
the pipe^ and increasing its length, 
the same, or even a smaller quan- 
tity of water, would raise a much 
larger weight. 

Charles. How do you find the 
.weight that can be raised by this 
small quantity of water ? 

Father. Fill the bellows with 
water, the boards of which, when 
distended, are three inches asunder. 
I will screw in the pipe. As there 
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id no pressure upon the bellows, the 
water stands in the pipe at the same 
level with that in the bellows at z. 

Now place weights on the upper 
board till the water ascend exactly to 
the top of the pipe e : these weights 
express the weight of a pillar» or co- 
lumn of water» the base of which is 
equal to the area of the lower board 
of the bellows^ and the height equal 
to the distance of that hoard from the 
top of the pipe. 

Emma. Will you make the ex* 
periment ? 

Father. Your brother shall first 
make the calculation. 

Charles. But I must look to you 
for assistance. 

Father. You will require very little 
of my help. Measure the diameter 
of the bellow3ji and the perpendicular 

G3 
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height of the pipe from the bottom 
board. 

Charles. The bellows are circular, 
and 12 inches in diameter; the height 
of the pipe is 36 inches. 

Father. Well ; you have to find 
the solid contents of a cylinder of 
these dimensions ; that is, the area of 
the base multiplied by the height. 

Charles. To find the area I mul- 
tiply the square of 12 inches, that is, 
144, by the decimals .7854, and the 
product is 1 13, the number of square 
inches in the area of the bottom 
board of the bellows. And 113 mul- 
tiplied by 36 inches, the length of 
the pipe, gives 4068^ the number of 
cubic inches in such a cylinder; this 
liivided by 1728 (the number of 
cubic inches in axmbic foot), leaves 
a quotient of 2.3 cubic feet, tbe soliA 
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cotA^atB of the cylinder. Still I have 
not the weight of the water. 

yFiUher. The weight of pure water 
is equal in all {>arts of the known 
world, and a cubical foot of it weighs 
1000 ounces. 

(Jharles. Then such a cylinder of 
water as we have been conversing 
about weighs S1300 ounces, or 144 
pounds nearly. 

iEmma. Let us now see if the ex- 
periment answers to Charles's calcu* 
lation. 

Fatlter. Put the weights on cane- 
fully, or you will dash the water o^t 
at the top of the pipe, and I dare say 
that you will find the fact agrees 
with the theory. 

Charles, If instead of this pipe 
iOiie doid>le <the iedgtb was v^. 
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would the water sustain a double 

4 

weiofht ? 

Father. It would; and a pipe 
three or four times the length would 
sustain three or four times greater 
weights. 

Charles. Are there then no limits 
to this kind of experiment, except 
those which arise from the difficulty 
of acquiring length in the pipe ? 

Father. The bursting of the bel- 
lows would soon determine the limit 
of the experiment. Dr. Goldsmith 
says, that he once saw a strong hogs- 
bead split by this means. A strong 
small tube made of tin, about 20 feet 
long, was cemented into the bung- 
hole, and then water was poured in 
to fill the cask : when it was full> and 
the w^t^ hiad ris^n to within aboiUt 
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^ foot of the top of tke tube» the 
-vessel burst with prodigious foiy:e. 

Emma, It is very difficult to con- 
ceive how this pressure acts with 
Wich power. 

Father. The water at o is pressed 
with a force proportional to the per* 
pendicular altitude e o ; this pressure 
is communicated horizontally in the 
direction op q^ and the pressure so 
eoifnmunicated acts, as you know^ 
equally in all directions: the pressure, 
therefore, downwards upon the bot- 
tom of the bellows is just the same 
as it would be if p ^ » r were a cy- 
linder of water. 

The experiment made ojn the bel- 
lows might, for want of such an 
instrument, be made by means of a 
bladder in 8^ box with a moveable' 
lid. 
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Emma. Has this property of by* 
drostntics been applied to any prac- 
tical purposes ? 

Father. The knowledge of it is 
of vast importance in the concerns 
of life. On this principle a press of 
immense power has been formed 
(Plate II, Fig. 14), which we shall 
describe after you are acquainted 
with the nature and structure of 
valves, and which is used in many 
sea-port towns for pressing into small 
compass hay and other commodities^ 
which it is necessary to transport on 
board of ship, but which in their na- 
tural state would take up too much 
space. 
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CONVERSATION VII. 



Of the Pressure of Fluids against the 
Sides of Vessels. 

FATHER. Do you recollect, 
Charles, the law by which you cal- 
culated the accelerated velocity of 
falling bodies ? * 

Charles. Yes: the velocity in- 
creases in the same proportion as the 
odd numbers 1, 3, 5, 7, 9, &c. ; that 
is, if at the end of one second of 
time it has carried the body through 
16 feet, then in the next second the 

* See Vol. I, Of Mcchanicf, Contersationi 
VII and VIII. 
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body will descend three times 16, or 
48 feet : in the third it will descend 
five times 16 feet, and in the next 
seven times 16 feet, and so on con- 
tinually increasing in the same pro- 
portion. 

Father. How many feet has it 
fallen altogether at the end of the 
third second ? 

Emma. I recollect this very well; 
the whole space through which it 
will fall in three seconds is nine times 
16, or 144 feet; because the rule is, 
that the whole spaces described by 
falling bodies are in proportion to 
the squares of the times, and the 
square of three is nine, therefore, if it 
fall through 16 feet in the first 
secoad^ It will in three seconds fall 
through nine times 16, and in five or 
eight seconds it will descend* in the 
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former case through S5 times 16 feet, 
and in the latter through 64 tifnes 
16 feet, for 25 is the square of five, 
and 64 is the square of eight. Th6 
example of the arrow, which yoo^ 
gave me to work, has fixed the rule 
in my mind. 

Father. Well, then; what I am 
going to tell you, will tend to impress 
the rule still stronger in your me- 
mory. 

The pressure of fluids against the 
sides of any vessel increases in the 
same proportion, and is governed by 
the same laws. 

Suppose abed (Plate II, Fig, 15) 
to be a cubical vessel filled with 
water, or any other fluid, and one of 
the sides to be accurately divide 
into any number of equal part^ by 
thelinesl, 7; «, 8; 8, 9,&c. 

VOL. III. B. 
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■■• Now if the pressure of the water 
upQD the part of the vessel a 1 6 7 be 
e€^w\ to an ounce or a pound, then 
ihei pressure upon the part 1 2 7 S 
will be equal to three ounces, or three 
pounds i and the pressure upon the 
part 2 3 8 9 will be equal to five 
ounces or pounds, and so on. 

Charles. Then I see the reason 
why the other part of the rule holds 
true ; viz. that the pressure against 
the whole side must vary as the 
square of the depth of the vessel. 

Father. Explain to us the reason. 

Charles. The pressure upon the 
^rst part being 1, and that upon the 
second 3, and that upon the third 5 ; 
then the pressure upon the first and 
second taken together is by addition 
4 : upon the first, second, and third, 
it must be 9 i and upon the first, se- 
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cond^ third, and fourth, it will be 16^ 
but 4, 9, 16, are the squares of 2,3, 4/ 

Emma. And the pressure ' itpoh' 
the whole side abed must be 36 
times greater than that upon th^ 
small part a 16 7. 'J 

Charles. And if there are three 
vessels, for instance, whose depths 
are as 1, S, and 3, the pressure- 
against the side of the second will be 
four times greater than that against 
the first; and the pressure against 
the side of the third will be tiine 
times greater than that against the 
first. I» » * 

Father. You are rights the beau-, 
tiful simplicity of the ruldj and ite 
being the same by which the accele- 
rating velocity of falling bodies is^gQ^ 
verned, will make it impossibleitbat 
you should hereafter 'forget it; < ^ 
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The use that I shall hereafter call 
you Urm^kA oTthei rule^ induces ipe 
to put a question to Emma. 
, Jd twp: canals. Que 5 feet deep* 
and the o|h^ 1^, what difference of 
pressure will there ^ be against the 
sides of these canals ? 

JEmmcu The pressure against the 
one ^wiU be as the square pf 5$ oc 
^5 \ that against the other will be as 
the square of ; la, or 325; now the 
luftter number divided by the former 
gives 9 as a quotienti which shows 
that the pressure against the sides of 
the deep canal is nine times greater 
than that agsuqst the i^ides of. the 
fallow que. 

Can this principle be proved by an 
experiment ? 

Father^ By a very simple one: 
(Plate u^ Fig. 16) is a vessel of (he 
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s&me size as the Iftst, the bottQinaiM|> 
side b are wood Hioftis^ together:' 
the front and opposite sidie are''glaiss^ 
.carefully inserted in the tvobdeii 
parts, and made water-tight.- A thitf 
board c hangs by two hinges :r yV'iand* 
is held close to the glass panes ^y 
means of the pulley and weight wj 
The board is covered with cloth, and* 
made water-tight. >• .' 

Now observe the exact weight' 
which is overcome whenthid^WatCfr 
is poured in and rises to the linel ; 
then hang on four times that weighty 
and you will see that water may bet 
poured into the vessel till it rise tjo^ 
the line 2, when th^ sidec will givif 
way and let part of it out, 

Emma. But why does only a paH 
run away? '• V ; 

Father, Becaui^ when a sAmiL 
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qf»ni»iy of H^ water has es^apedf 
t)i« -weight w ia greater than the 
prMstire of the water against *c, and 
thereforr the door c will be 4rawa. 
c1o«e to the glass panes» apd copfine 
the r^t within the resseL 

Ya^i may aow bang on a weight 
nine times greater than the first, and 
then the yessel will contain wat^r till 
it rise up^ to the mark 3, when tb$ 
side will give, way: by the pressure, 
aiid part of the water escape. 

C%ar^<. Yqii bate es^plained the 
9iantier ^ estimatii^ the pressqre of 
flnida against the sides of a vesseU 
hy what rule ^te we to find the pres- 
wre upon the bottom ? 

Father. \n such vessels as those 
irtiieh we have just described ; that 
VSf where tiie ^des are perpendicu* 

lat IQ the hQttonu aQ<l the Mtpm 
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parallel to the boricon, the prcHure 
will &<r equal to the xoeight of the 
fiuid. 

EmnuL If then th^ vessel Jfl^ bold 
a gallon of water^ which weigha 
about dgbt pounds, and if the bottom 
were made moveable like the side, 
would a weight of eight pounds keep 
the water in the vessel ? 

Father. It would 2 for then there 
would be an equilibrium between the 
pressure of the water and the weight 
And the pressure upon any one side 
is equal to hcilf the pressure upon the 
bottom : that is, provided the bottom 
and sides are equal to one another. 

Charles. Pray, sir, explain how 
this is made out. . 

Father. The pressure upon (;he 
bottom is.' as we have showU;! equfal 
to the weigbH of the fluid. 1^ w^ 
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haireal!;o shown that the pressure oa 
the si()e$ grows less and kss.oontinu- 
ally, till at the surface it is nothing. 
Since then the pressure upon the bot- 
tom is truly represented 'i>y the area 
of the base multiplied into the alti- 
tude of the vessel^ the pressure upon 
the £ide will be represented by the 
base multiplied into half the altitude. 

Emmm. Is the pressure upon the 
four sides equal to twice the pressure 
upon the bottom? 

Father. It is:, consequently the 
pressure of any fluid upon the hot* 
tom and four sides of a cubical vessel 
is equal to three times the weight of 
the fluid. ^ 

Can you^ Charles^ tell me the dif- 
fecence between the weight and the 
pressure of a conical vessel of winter 
standing on its base ? 
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Charles. The weight of a conical 
vessel of any fluid is found by multi^ 
plying the area of the base by one 
third part of its perpendicular 
height * : but the pressure is found 
by multiplying the base by the whole 
perpendicular height; therefore the 
pressure upon the base will be equal 
to three times the weight. 

^ The rule for finding the solidity of s( 
cone or a pyramid is this^ '' Afoltiply the area 
of the bafe by } of the height^ and the priH 
duct will be^the sQlidity/' — See BoiiayeaftUe's 
Mensuration ; or an '^ Introduction to the Arts 
aD(} Sciences/' by the author of th^ SqisNTifiQ 
PiALOGVEs^ art, MansytratiQn. 



82 HTBROSTATICS. 



CONVERSATION VIII. 



Of the Motion of Fluids. 



FATHER. We will now consi- 
der the pressure of fluids with re- 
gard to the potion of them through 
spouting-pipes, which is subject ta 
the same Taw. ' ' ' 

If the pipes at 1 and 4 (Fig. 15) 
be equal in size and length, the dis- 
charge of water by the pipe at 4 will 
be double that at 1. Because the 
velocity with which water spouts out 
at a hole in the side or bottom of a 
vessel is as the square-root of the 
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distance of the whole below the ftur- 
face of the water. 

Emma. What do you mqan by 
the square-root ? 

Father. The square-root of any 
number is that which being multipli- 
ed into itself produces the said nuoi* 
ber. Thus the square-root of 1 is I; 
but of 4 it is 2; of nine it is 3; of 16 
it is 4; and of 25 it is 5^ and so on. 

Charles. Then if you had a tall 
vessel of water with a cock inserted 
within a foot of the top^ and you 
wished to draw the liquor ofif three 
times faster than it could be done 
with that, what would you do ? 
. Fatlier.. 1 might take another 
cock of the same size, and insert it 
into the barrel at nine feet distance 
from the surface, and the thing re- 
quired would be done. 
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Emma. Is this the reason ^hv 
the water runs so slowly dnt of the 
Qtstem when it is nearly empty, in 
comparison of what it does when the 
cistern is just full ? 

Father. It is: because the more 
water there is in the cistern, the 
|[reater the pressure upon the part 
where the cock is inserted ; and the 
greater the pressure the greater th^ 
velocity, tind conseqiienily the great- 
er the quantity of water that is drawn 
off in the same time. ; 

In some large barrels there are two 
holes for cocks, the one about the 
middle of the cask, the oiber at the 
bottom; now* if, when tliW vessel is 
fulli yoii draw the beei'tn^'wine firom 
both jcocks at once, you will find that ' 
the lower one gives oat the liqiiof 
much the fastest. 
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Charles. In what {woportioQ ? 

Father. As the sqoare^root oC 9 
is greater than that of Ij that is^ 
while yoQ have a quart from the up- 
per cock, three pints nearly would 
ran from the lower one. 

Emma. Are we then to under- 
stand that the pressure against the 
side of a vessel increases in proportion 
to the square of the depth i but the 
velocity qfa spouting pipe, which de- 
pends upon the pressure^ increases 
only ^ the square-root of the depth ? 

Father. That is the proper dis- 
tinction,. 

Charles. Is not the velocity of 
water» rmming out of a vessel that 
empties itsrif, continually decreasing? 

Fattier. Certainly: because^ in 
proportion to the quantity drawn 
off, the surfac^ descends, and conse- 

V0<^ III. I 
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quently ^be perpendicular depths J)e- 

cotiie 1^ ^od less. ' . 

The spaces de$cri\)ed • by th^ de- 
scending surfa^^e^ in equal proportions 
of time, are as the odd numberji. 1, 3j 
5, 7, 9, &c., tak^n backwards. 
; Emma^^ If : the height of a vessel 
filled, with any fluid be divided intp 
2<5 parts, and, in a given space of 
time, as a mindte, the surface de- 
scend through nine of those parts^ 
will it, in the next minute^ descend 
through seven of .thpse parts, and the 
third minute five, in tlj^fourth three, 
and in the fifth one ? 

Father. This is the .ls^V(i^ *and 
from it have been invented fjfps^dra^ 
or water-clocks. , , .:.i ti 

Charles. How are th(py construct . 
ed, sir? 

Father. Take a cylindrical vessel^ 
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and having ascertained the tinie it 
wiU>require to empty itself, then dr-^ 
vide, by lines, the surface into per* 
^idnJBy which are to one another as 
riie odd numbers 1, 3, 5, 7, &c. 

Enifna, Suppose the vessel require 
six hours, to* empty itself, how must 
it be divided ? 

f^dther* It must be first divided 
into 36 'equal parts ; then, beginnmg 
from th^ ^ 5«rface, tak^ II of .those 
part# for the first hour, nine for the 
second, s^ven for the third, five ^foc 
the fourth, three for the fifth, and 
one for the sixth, and you will .find 
that the surface o^^tbe water will de^ 
scend regularly through each of these 
div^isons in an hour. \ .i 1. 

I' believe both of you have seen thjp 
locks' that are <x>n$tf noted on the 
river Lea? 
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Charles. Yes ; and I have woii^ 
dered why the flood gates were made 
of such an enormous thickness. 

Father. But after what you haw 
heard respecting the pressure offluidiib 
you will see the necessity that there is 
for the great strength employed, 

Ckafks. I do i for soaaetimes the 
tieight of the water ia W or SO tiqpes 
greater on ooe side of the gates than 
tt is on the other, tjberefbre tbe pres-'^ 
sure will be 400 or evea iHK) tiqae^ 
greater agaunst one side, than it is 
Ugainst thev other. 

Emma. How are the gates opened 
when such a weight presses against 
tbem? 

Father. There is scarcely any 
power by which they could be moved 
when this weight of water is against 
them ; therefore there are sluices bj 
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the side, wbioh, b€$iigdra)^n^tip^ the 
water gets away and passes into tb^ 
h^wtill it becomes level on bioth 
^(£i $ tben^the gates are opei^ with 
^bbtgreatest ease, because, the pressure 
teiti^' e(]pHipl on both sides^ a small 
ibrcei^epjpli^ :wiU be sufficiient to 
tovercooie/he friction of the hinges or 
olUer ^flthg obstacles. 

'€karies. Istitthis great pressure 
that. . dbmetimeis beats * down the 
bonks Kit rivers ? • 
k. i : Father.^ It is ; for if the banks of 
a river -"or canal d6 not increase in 
strength in the proportion of the 
square of the depths they cannot 
stand. Sometimes the water in a 
riv^r will insinuate itself through the 
bank near the bottom, and, if the 
weiglit of the bank be not equal to 
that of the water, it will assuredly. 
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be torn upt perhaps with great vio- 
lence. 

I will make ttie matter clear hy a 
drawing. Suppose this figure (Plate 
II, Fig 17) be a section of a rifer» 
and c a crevice or drain made by ^tinie 
under the bank^; by wbat^iwe have 
$hown before^ the up.ward{>ressnre of 
the water in that drain it equal to 
the downward pressure of the water 
in the river; therefore, if that part of 
the bank be not aS:.heavy as % co^ 
lumn of water the: same height and 
width, it must be torn up by the fprce 
of the pressure. 

Charles. Is there no method of 
securing leaks that happen in the 
embankments of rivers ? 

JFather. The only method is that 
aalled puddling* If n be the bank of 
A canal in which a leak is discovered. 
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the water must be first drawn off be- 
low the leak, and a trench 18 or 80 
inches wide dug length-wise along 
the side of the cana), and deeper 
H^than the bottom of the canal : this is 
:! filled, by a little at a time, with clay 
: or loam reduced into half a fluid state 
by mixid^ it with water: when the 
ficst layer, which is seldom abQve 
six or eight iQch^ deepi is nearly 
dry,^ aootlier is worked in the s^qigae 
manner till tl[ie wbple be filled* 3y 
. this ip^anst if the operation 1^ per* 
formed by: skilful hai)ds, aQcl time he 
allowed jbr all the parts to dry and 
cohere, the bank becomes strong and 
impenetrable. 



92 ' li4lDR0srATics, 



« 






CONVERSATION IX* ' 

f ■ . . . I . . ' . I . . . : . I . l": J 



<i rf 



...» 1 .. t f .. :.< .. " : - ■ • ■ ^ ' ■* 



, Of the Motion of Flmdi., . . 

FATHER. I WMF now shoW yon 
AD' ex|>erinient*by='WWch you \vill ob* 
•ei*fe the unifoHxiHy of natures ope- 
niiions in regard' to spiouting fitiiSi;. 

Charks. Db- yo^ Weir- to' &ny 
eehei^'facU besidi^ tbdse Whieti rc/fate 
to the qu&tntitjTof WaUsr is^ifig from 
pipes? '- * ^'■■••** •'••'• 

Father. Yes, I do. Let a b 
(Plate II, Fig. 18) represent a tall 
vessel of water, which must be always 
kept full while the experiments are 
making. From the centre of this 
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Tessel I have drawn a semicircle^ the 
diameter of which is the height of 
the vessel a b. I have drawn thre^ 
lines, d 2 from the centre of the 
ftssel I cli a 6^ at equal distances 
from the centre^ the one above and 
the other below it: all three are 
drawn perpendicular to the isesseK 
By taking out the plug from the 
centre. you will see the;wa4er spouts 
toM. Take your compasses w4 
jrou will find, that the distance 9 m 
is exactly double the length oi d^. 
I win now. stop this plug and open 
the next below. 

"> Charles: The water reaches to k» 
which is double the length of a 5. 

Father. Try in the^ame manner 
the pipe e^ 

Charles. It fells at the same spot 
l( as it did from the lower 4H\e;- <-> 
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Fatlter. Because the lines c I and 
a 5 being equally distant froha- tb# 
centre of the semicircle^ they zt4 
eqnal to one another. •* 

Emma. ^ Then n & is the doubMr 
of c L as well as of a 5. 
. Father. It is. The gener^il ruliif 
deduced frotn thete experiments li^ 
Ihat the'horizpntaL'distaoo? ta'which 
8 fluid will spout irom an horiwntal 
pipe^.m apy: part of the. side of an 
upogbt'ivefllKbibelQiKi'tbei surface Kni 
the fluid,: is eiiual ito)t#ice the length 
o£,a pendendibular to th&side of thd 
vessel^ drawn froqn themouthof the' 
pipe to. ;ai. semicircle described dpoo 
the attitude'of the vessieK ' . 

Can yoMi.Cbarie;^ tell me in what 
part the pipe should be placed^ in 
order that the fluid should spout th^ 
f»rthe3t possible ? ; 



THE MOTION OF FLUIDS. 93 

Charles; In the centre: for the 
Ime d 2 seems to be the greatest of 
all the lines that caa be drawn from 
the vessel to the curved line. 

Father. Yes^ it is demonstrableby 
geometrjr^hat this is the Aitsei and 
that lines: at equal: distances from 
the centre above and below are also 
equal to each other. . 
; Emma. Then/ In all cases^ if 
pipes are placed equally distant. from 
the centre^ they will spout to the 
same point. 

Father. They will< . Ipstead ;0f 
horizontal pipes, I will fix. three 
others near n, which shall point ob*. 
liquely upwards at different angles ; 
one at 22^ ^0^ the second at AS"", and 
the third at 6?*^ 30', and you will see 
that, when I open the cocks, the wa- 
ter will cut the curve line nearly, but 
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not accurately, in those parts to which 
the horizontal lines were drawn. 

Charles. That which spouts from 
the centre is thrown to the point m, 
as it was from the centre horizontal 
pipe. Tht two others fall on the point 
K, on which the upper and lower 
horizontal pipes ejected the stream. 

Emma. I thought the water from 
the upper cock did not reach so high 
as the mark. 

Father. It did not. The reason 
IS, that it had to pass through a larger 
body of air, and the resistance from 
that retarded the ^ater and prevented 
it from ascending to the point to 
which it would have ascended if the 
air had been taken away. 

While we are on this subject, I 
will just mention, that, as you see the 
water spouts the farthest M^hen the 
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pipe is elevBted to mn angle of 45^^ 
so a goD, cannon) &c.» will project a 
bullet the fartbest if it be elevated te 
an angle of 45^ 

. Charles. Will a canoon or mortar 
carry abidl equi^ly distant if it be 
elevated atj. angles equally distant 
from 45^» the one «bove and the 
other betew?' • 

Father. lb wiH; in ^theory: but 
owing to the great reststan<ie which 
very 4iwift tnotio^i^d m«et ttkh from th«f 
air, there mbiA be ilfownttces tbltd^ 
for somcf; considerable fva^iiEitton be^ 
ivveen theory and practice. 

A regard to this iwill explain the 
reason why waiter will tM Yisie so high 
inf a jet as it does in- a tiibe/ 

Emma. I db not know what thiti 
means, 

VOL. III. K 
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Father'. You bave seeD a fountain ? 

. Emma. Yes, I ibate often been 

amused with tba€ in the- Teoiple. . . 

Father. All fountains are^ called 
jets, or jets cTeau. .Noif ifthew^ter 
of that in the Temple/ascended in a 
pipe, it , would visb higtier Ithan it 
does in the open ak. jiTur/i. to £ig. 
10, the water in the smaU tube jrides 
to a level with that .in* the larger one; 
nQiy» if the tube HG:wepe: broken off 
at ^, jthe w^ter would ;spout ap like a 
fountain, I but loot soibtgb asitatands 
in the tube, pethapc^ nQ>higber than 

to flf. . -•.; Uj I), . 

Charles. ■. Ife that owing wholly to 
the resistaiaca. of the ale ? : n ■:■.■ 

Father. . It fis. i to he ascribed, to 
the resistaiK^e which the water meets 
with from the air, and to the force 



THE MOTION OTIWOUIDS. '98 

of gravity, wbiob has lUendency to 
retard the motion of the stream^ 

Emma, « Why does't the fountain 
ro< the Temple sometioies^j^lay higher 
Skn4 sometimes iowe^^>v /•. , : 

Father. > .»Near 4hej Temple HaH 
Ihere is ajeservoir b¥)tK^ter, from 
which a pipe communicatee with the 
jet; in <ihe fooHtaiw:/ -^tid! ^tccording 
a^ the waieir in thefesterupiv^s^ higher 
OT'foiwer, 'the beighfc to wkich the 
fountain playsJs' regoiwtdd, !<i«j j- '* 
,07Cfaif/^. , Bjiifiwnxig acbekv ilear 
Jthetipmovp^I the/foudtadn ii infiqqily 
lowered, . m j.* .; •; . : '^f^ j 

Father\\ T^ «iek isv^Kbei^ise 
ronnecied witU: the! reser?oir^*'aild 
therefore taking ivfactehfirolnt it miist 
liave the ^ffeeft)f ioirelnn^ theetream 
at the fountain/ ibas weUvas' tliat iq 
the resqrvoir. • "\:\ UW j\.\ •/;!*; 
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Emma. Il soon recovers its^ force 
again. 

Father. Because ^ere is a con- 
stant supply of water to the reservoir, 
whicb^ however, iloes not come in so 
^uick as thd cock lets it ont, or the 
fountain would always play to the 
same height 

From what you have already learnt 
on this subject^ you will be able to 
know how Loudon iind other places 
are supplied with waiter. 
..ChUrks. London is, I bctievey 
supplied from the New River, but I 
do not know in what manner. 

Faiher. The New River is a 
stream of water that comes from 
"Ware in Hertfordshire ; it runs into a 
reservoir situated on the high ground 
liear Islington. From tfab reservoir 
pipes are laid into those parts of 
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t! 

town that have th^ir' water fttHn tb 

f Nei!^ River, and through these plp^ 

the whter flows into Ofst^rtis belong 
ingto different bouses; ^ '^-< ■" 
' JEbMiMLi*' Then the reservoir 8 
I«lm^tOnfi4|iu^'<be higher than ^h 
ci^temd ih lL<^dbn>> i'^: *'-'>* 
h; Jfl^Apfs; qC!prtbiB4y,-fedpause^^ 
will not rise*Bb>(Mre.'iffs levtiU OivYM 
aciconnt-sodie'fof' the higher paMsc 
town • have • hitherto ' been ' ' Wppfie 
"frbn ' the ponds at-Hampstead^ <aB 
"^^i^hgate ; i and others aro^^sn^H^ 
£tom the Thames, by ttieans' oflh 
watev^oite at tliondoD' B#i dglf. i ' ' 
^ • Chafes := : . Are ^ t^ip^f laid^ alf th 
way ^f rom i Hampstead to toNt n ? ^ - 
3 ' ^ Father:. -Wtiff^ 4re i but ' thesd isti{ 
'p(y theiidtdrmediarte^viliageB, hs w« 
as London^ and. Han^stead stalk 
ing so higb^ the water is carried'^^wj 

¥.3 
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into tb^' ftrst %t^ .$eoond storioi ia 
^iq^ iiomen^ i Tbui yon mt that 
wi^r so ay be carried to ii6y distonce^ 
and houses, oa di£Eerent eidfS' o£.a 
deep yalic^ 4aaay b#l supfdli^Aby 
w^ter froip. thfi same ff»ring-liM4 
You must remember :tbiQk) if the Tal» 
ieys are yeityde^ tb« jiipea AniM be 

^exceedingly. «troog neftf tbe bottooii 
becAusetbe prepare inoreases lia tbe 
rapid proportioa o£ tb^ odd Jdumbero 
^U.9f 5s 7>:&c.» and tfaerefore, uftlesn 
jibe strength of the> w^od or irottlie 
increased in the tame propK>rttdQ, the 
pipes wiU b0 cpDtinuftlly hmrstuig, 

JSmma. Yoa toM; me (he ether 
day, that the large aiayiid.jof ei^rthy 
for it appears nothing dse^ neir the 
end of Tottenham Court Boad, tfi^s 
intended at « veaervtaiff for. the New 
Emr« • r 
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y..F0ikir.^ Wbiat -appeal? tjE^, joiit 
Vod Qtl)firs: wl)0 Pf^ by it, ^vXy w.jf. 
mound of earth, is an exceQ(lif)gjjr 
)Wge |)»soo, <;apjft|il« of copti^iu>pg a 

Chisrkf. Howiri)) iJ^ygft th^ 

watermto it? . . ? 

. Fath^, At IsliQgtoiiy near tl^e 

Kew Hiv^ HefKl, is inA4« 9 1^<I ri^ 

servoir upon somj^ vftry high groHin], 

iotp which, l>y in^ans of a ^^am 

iWCin^t tliey will gpn^aAtiy throw wi^- 

t4f froqi the New.Rivfir. Xhi^ v^f^F- 

voir being higher than that in Tpt^u* 

Iftam-coort road, nothiqg more 19 ne- 

«08Mry than to lay pip^frorn. Isliog* 

(ton to that place in order to k^ep it 

. ooostaatly full of wat^r. 

By this contrivance the New. River 
Company will be able to extend th^r 



mSktM to-'btber i^'&^Vs of^iAyAifon, 

Bkiftiit* readh.'-"^ '■■'' '"•'"'' '> v i*'i" 
;> t^HmHIes, ' '1rbe<4i«ight<Af 'tv^teefii 

Father. It must; and tbertifbi^e 
ylAi^'^serV« tee"il^hiekJK»M»'Hhe 
mound of earth against ih^^AVan-iir'at 
'Vk^ 'bo¥t6id;(-^d'llidk/'it difi^hiisbes 

""•'BnTnal' WottW ^ibt'the fcottee- 

4o'eti£gir'bel '^'S^ibuV U^itfbe-Uo^Cet 

We^ ^ %siniiiit«;^iKe(f th^cMigh' Vah 

-^^(Kh'lai'tH6ffeotW^h'^-';■■ i r.iaJ ;:'.7 

''' Fbihtf': If'siidh ai» tttdrdeM-Wiaie 

'to ifrsip^d wheal the reserttditr ti^arAall 

' 6C ik'ii^r, it Would probably t£hr «i^. 

the works, add tioincredrbtettikcbi^f. 

To^prei^ent tHis,itb6 vast tiktfl of 

ipartfy fa 'sloped withu^, ajt ^'bW «& 
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without ; it is then to be covered with 
a strong coating of clay ; after this 
it is to be built up with a very thick 
brick wall, which is to be carefully 
tarrassed over; so that, the whole 
mass will be as firm and compact as 
a gla$s bottle. 

Charies. ^here are now, I be- 
lieve, other companies established, for 
the purpo^ of swpplying London 
Mritfa ,water| besides the New Kiver 
iUld Haujipstei^ , Opaipanies. 

Foltker. y €1^ tbere ar^ several ^ 
)iP 19 pppontipn to those old esta- 
)il)she4 bodies ^1 owing to this 
comp^^ijtionj the . inb^^taqta of the 
ipetropoli^ wiU have tbis n^qessary 
.9Mrti<:le at niucb lf^8 expense fcbfK^ 
tlwey b^d formi^rjy. ! , 
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Of ^ the' Specific Or amies ofj^dies.^ 

ft 

' "i^Ato':' ^'Wh^t^Ms thtf'Wasoii, 
papa, 'th^ anhe' 'bdrffesi'aa Tea^ dr 
iron, if tbrt)SW»=itrtO 'th^-'watM^ siftlt, 
While others/ a^-Vi^oa/^viU'sV^iM^ 

F^^. •1rho!}e«'Mffies;fli«l ftfe 

heavlier than ivai^f 'wilt'^ibk 'in it; b'l/t 
UibsB'that'iite'ii^terl^iH'fiWi'rti: '"• ^ 
0>-EmtHa. ''l* db''riot''^lii!te<-cWii)p«. 
"h^ '^ybur^meatrin^V^Ma ^ffnd^'tff 
wood, another of wsttef<,'ahd ah((t)^r 
of lead, are all equally heavy. For 
Charles played me a trick the other 
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d^y ; he .^qddenly ^€d wbi(:h'Was 
j)i^fivi6rjl a poun4 of lead or ^ poqod 
pf/^fi]bher>¥?i.I sai4 the lead, aiy} ^tt 
allfisBghed at ipe, by wl^icli l'*Was 
soon led to perceive, that . f^ {i^upds 
pr IjS^l^unpes of any sul^stancQ; ^hat- 
^v9r>jm>^V he always equial tp; thd 
sarn^ vv^eight.. , ;h . 

. J^athev^ You are not the firsf;^ .per* 
fon ,tba|;.. has been taken in by this 
quQstjpn,:: It is a coipmon .tirick« 
4Hhongb.a^und.Qf lead and ftnothei; 
of water be .eq«ially -heavy, yet! they 
arie^ noit (^f > eiqpaj;.mfignitudes. Do 
ym''}»(MhQyy mqjQh water goes to 
a pound? . -. :, ;^, 
.!(7A<?»/«V UuY/es:,- .SbQBt, a piqt. 
Father. .IJ)q ■. jfMi « think. tj)pt if I 
urere l9:.fi|l ^He;>jwn^;pint ,iijiQj(is^ire 
yrithile%dj:,that;>v(wl4 weigh.a p^mvit' 
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• 

Charks. Oh no; that woukl 
weigh a great deal more. I do not 
believe that the 14 pound weight 
betow stairs is much larger than a 
pint measure. 

Father. Yes it is, by about a 
fourth part : the same measure that 
contains one pound of watef, Would, 
hMKever^ contain about 11 i>6unds 
dr leadi but it would coritiEltt) 14 
pounds of quicksilver, which, you 
kD(6w, I <K>uld as easily pout* itfto the 
tes&fX as if it weird wat^i^. 

Here arte two dups <)f * equal i^ize ; 
fill the one with watery and I ^tll' fill 
the other with quicksilver. 

EmmtL Whydidyoilnotl«tChat4e$; 
l^otir out th<^ qiiidk^W^r? 

Faihtr. The loss 0f wiU^j^ is 4i 

mm^t Qf tittle ooMe<i4ienc6'^4ii<i if, 

bjr chsLUi^, he hadvtecwiijdowti-ihc 
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quicksilver, the accident might have 
occasioned the loss of sixpence, . or a 
shilling; and economy is right iaall 
the affairs of life. Take the cups in 
your hand i which is the heavier ? 

Charles. The qnicksilver by mucb^ 

Father. But the two cups are of 
equal size. . i 

Emma. Then there must be 
equal quantities of water and quiGk«> 
silver. . ^. 

Father. They are equali in bulk; 

Charles: But very unequal in 
weight: shall I try how much heavier 
the one is than the other ? ■ . \ 

Father. If you please. In what 
manner will you ascertain the mat* 
ter? ? 

Charles. I will carefully weigh the 
two' .cups, and . then^, dividing * t^^^ 
larger weight by the.smeXVet^ \ ^Sw^ 
VOL. in. \. 
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soe how majoy times heavier tibce 
quieksUver is than tjne water. 

Ffother. You will not come to Ibe 
point accurately by tbat.ineaass be* 
cause the weight of the caps «s pro^ 
bably equals but by this method they 
<mght to differ in weight in the same 
proportion as the two substa&ces. . 

Emma. Then p«ar the quick- 
silver £mt into the soale and weigh 
it; afterwards do the same with 
thfe water.; aad divide the former by 
the Haitterc wjU not that give the 
OG^ult? 

Father. Yea^ it will : <ar you may 
Siafce idle escperiment in tbis me- 

tbod. 

Here is a small phial, that weighs, 
BOW at is empty^ aa oninoe;; iiU it 
wfiuh pure ram wat0r, mmI tti^ineigbt 
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Clhatles. Tbea it conUias qm 
QuncQ of water. 

Father. Pow €M»t the water, ^i 
let it be wett dried both within Itnd 
withoiH : fiU it novt rery acc^ratel^jr 
with qaiekgiWer, iii4 weigh it agaii^ 

Emma. Jt weighs % Httle more 
than IS ounces 3 but, 1^ the bottle 
weighs one oimce, the qutck^lver 
weigh$ sem0tbi«g aior<e thaa H 
aunoet. 

Fathar. What do you iaHir from 
tbls^ Charles ? 

Cliarles. That the quiokailver if 
more than U times heavier than 
water. 

Father. I will nqw pour away the 
quicksiWer, and fill the phial with 
pure spirits of wine, or, as the che» 
iQtsta call it, with alcohol. 

Emma. Jt doei hqV. \9^^ v^k^ 
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ounces now ; consequently the flliid 
does not weigh an oun6e. The al- 
cohol is, then, lighter than water. 

Father. By these means, whicli 
you cannot fail of understanding, 
we have obtained the comparative 
tveights of three fluids : philosophers, 
as I have before told you, ' call these 
comparative weights, the specific 
gravities of the fluids; they have 
agreed also to make pure rain water 
the stacidard to which tliey refer the 
comparative weights of all other hoo- 
dies, whether solid or fluid, 

Charles. Is there any particular 
reason why they prefer water to every 
other substance ? 

Father. I told you a few days 
ago, that rain water, if very pure, is 
of the same weight in all parts of the 
world; and J what is very remarkable^ 



a cubical foot of water weighs ex- 
actly a thousand ounces avoirdupoise : 
on these accounts it is admirably 
adapted for a rtandnfd^ because you 
can at once tell the weight of a cu- 
bical foot of any atber substance, if 
you know its specific gravity. . 

Kmna^ Thren a cubical foot of 
quicksilver weighs 14,000 ounces. 

FMker* Yoo dre right ; ai)d if 
Itad it 1 1 times hm? t«r than watar^ 
A cttbiMl ibot of it will weigh 1 1,000 
ottiices. 

For tlie samtf rtatoii a» gold, of the 
sModard fineness, or ^uch as wa9 
formerly used in making guineast 
lee, wai 17 tiasts hoavier than water, 
9k Cubical foot of that metal would 
wefigh 17iOO0 ounces, or Ul6tbs. 
• o& 
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CONVERSATION XI* 



*l"^""^"""iW»» 



Of the Specific Gravities of Bodies, 

• 

FATHER. Before we enter 
upon the methods of obtaining^ 
the specific gravities of .different 
bodies, it will be right to pre- 
mise a few particulars, which it 
is necessary should be well under-* 
l^tood. 

You now understand, that the 
specific gravity of different bodies 
depends upon the different quanti- 
ties of matter which equal bulks of 
f/ne^e bodies contain. 
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^ Charles^ As the momenta''^ of 
different bodies are estimated by 
the quantities of matter when the 
velocities are the same; so the 
specific gravity of bodies is esti- 
mated by the quantities of matter 
when the bulks or magnitudes are 
the same. This, I believe, is what 
you mean, 

. Father. I do* if you had a piece 
of wood, and another piece of lead, 
both exactly equal in size to a cop- 
per, penny ^piece, the former would 
be :much . lighter, and the latter 
considerably heavier^^ than the cop« 
per. . 

Charles, And I should . say that 
the specific gravity of the wood is 
less than that of the copper^ but of 
the lead it is greater. 
* See VpI. I, Of Mfec\»ik\c%,Cw««^>^^- 
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Emma, lu it then the density that 
ConstitntfB the specific gravity ? 

Father. Undoubtedly it is : and, 
as w6 observed yesterday, water is 
made use of as a mediaM to discover 
the different specific gravities of dif- 
ferent bodies; and also as a stand <<• 
ard to which they may be adl re- 
ferred. 

Here are three pieces^ of different 
kinds of wood, which I will put into 
this vessel of water : Ont sinks to tho 
bottom; a second reitiaios in any 
position of the water in which it tA 
placed ; atld the third switiii on the 
water with more than half of th« 
substanee aboV« its surface^ 

Charles. The first, then, is h«avief 
than the water, the second is of th# 
same weight with aft e^ual bulk of 
/i^^ Af idf, jlliii tilt ttakA u \\«\tt«4 
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Father. Since fluids press in all 
directions, a solid that is immersed 
in water sustains a pressure on all- 
sides, which is increased in propov^^ 
tion to the height of the fluid abovQ, 
the solid. 

Emma. That seems natural, but 
an experiment would fix it. better in 
the mind. 

Father. ,Tie a leathern bag (Plate 
ly Fig. 8) to the end of a glass ttibe, 
and pour in some quicksilver. Dip 
the bag in water,. and the upward 
pressure of the fluid will raise the^ 
quicksilver in the tube, the ascent of, 
which will be. higher Or lower in 
proportion to the height of .thQ. water 
above the bag. 

Emma. I now understand that^ 
the upper part of the tube bein^ 
^mpty, or, at least> otA^ ^VCy^^ nixxXv.-, 



fk\r, the upward {MresMre of the water 
against the bag miiBt be greater than 
ihie downward prasswa of the aii : 
aad that, as the presiure increases 
aocordkig to the Aeplb^s th»<^ore the 
mercury must keep rising ia th^ 
fiibe. 

What it the reasoo that a bodlj 
heavier than water, as a stol^e, sinlss 
U> the bottofift, if the pressure up- 
ward 18 al^rays equal to that down^ 
wards? 

Father. TMs is a very proper 
i|il0stioil. The sMue eftideavours to 
descend by the forte of gravity : but 
it cannot deseMd without moving 
away as mocb of the Water as is e<|ual 
to the bulk of the stone ; therefore it 
£l resisted, or preaued upwards, by a 
force equal to the weight of as much 
mii^raif i$ equal in magnitndd to the 
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iHilk of tiie stone ; but the iv^eiftit df 
the water is less than that of the 
Mmie, 'Consequently the force proesing 
agamst it upwards Is kss tlian its 
tendency downwards^ and tbeMlbfe 
it will siidL with liie AJerence of these 
two forces. 

You wiH new be %t no loss to 
understand the reason wliy bodies 
Kghter 4hM water srwim : — 

As passing straws and buoyant leaves 
The yielding sinfacd but receives, 
WikHe pearls, that kir<B ilie eeatciiiiig %yt^ 
Deep-iceasor^d in its bostaa ^^p 
May trifles such reception fin4» 
Float merely transient on ipy mind, 
While weightier thoughts admission win^ 
Sink its whole depths, and rest withiti. 

BfMHTNE. 

Charles. The water being heavier^ 
the force upwards is greater than t)\^ 
tistara! gravity ottVieYKid^ > wA"**^^ 
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be Jbuoyed up by the difference of 
(he forces. 

Feather. Bodies of this kind, tben» 
will sink in water, till so much of 
tbem is below, the surface, that a 
bulk of water, equal to (he bulk of 
the part of the body which is below 
the surface, is of a weight equal to 
the weight of the whole body. 

Emma. Will you explain this 
more particularly ? 

Father. Suppose the body to be 
a piece of wood, part of which will be 
above and part below the surface of 
the water: in this state conceive 
the wood to be frozen into the 
water. 

Charles. I understand you : if the 
wood be taken out of the ice, a va- 
cuity will be left, and the quantity 
of water that is required to fill that 
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vacuity will weigh as much -as thd 

whole substance of the wood. 

• F(dker. That was what I meant 
to have said. 

"5 There is one case remaining! — 
where equal bulks of the water and 
the' wood are of the same weight, 
the force with which the wooji en- 
deavours, to descend, and the force 
that opposes it, being equal to one 
another, and acting in contrary di- 
rections, the body will rest between 
them, so as neither to sink by its 
own weight, nor to ascend by the 
upward pressure of the water, 
■ Emma. What is the meaning of 
this glass jar with the images in it ? 
(Plate III, Fig, 19) 

Father. I placed it on the table 
in order to illustrate our subject Vs^ 
day. You observe^ \J[i;x\.^\>^ ^^^^ivj^'^ 

VOL. III. ^ 
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thie bladder with my hand^ the tbret 
images all sink. 

Emma. Bat not at the same mo- 
ment. 

Fathet. The images are made of 
glass, and abont the same specific 
grUyity with the water surrounding 
them, w perhaps rather less than it, 
and consequently they all float nea^ 
the surface. They are hollow, with 
liltie h6les in the feet. When the 
air, which lies between the bladder 
and the surface of the water, is pressed 
by my hand, there is a pressure on 
the water which is communicated 
through it, and that part of it which 
)aH contiguous to the feet of the 
images will be forced into their bo- 
dies, by which their weight is so much 
increased as to render them heaFief 
^^o the irafer, and they de^ce\iA. 
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Cimrles. Why do they not all de- 
scend to the same depths ? 

Father. Because the hollow part 
of the image e is larger than the 
liollow part of d, and that is larger 
than that of c : consequently the 
same pressure will force more watef 
into B than into d, and more into i> 
than into c 

Emma. Why do they begin to 
ascend now you havii takad ydixt 
hand away ? 

Father. I said the hollow parts 
of the images were empty, which was 
not quite correct : they were full of 
air>- which, as it could not escape, 
was compressed into a smaller space 
when the water was forced in by the 
pressure upon the bladder. But as 
soon as the pressure is removed, the 
air in the images ex^atv^^^ ^m^^ ^'^ 
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the water, and they become as liglit 
as at first, and will therefore rise to 
the surface. 

Charles. The images, in rising up 
to the surface, turned round. 

Father. This circular motion is 
owing to the hole being on one side; 
and when the pressure is taken off, 
the water issuing out quickly is re- 
sisted by the water in the vessel, and 
the re-af^tion being exerted on one 
foot, turns the figure round. 
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CONVERSATION XI I. 



.Of the Methods of finding the Specific 
Gravity of Bodies. 

EMMA. What are you going to 
Weigh with these scales ? 

Father. This instrument (Plate 
HI, Fig. 2jO) is called the bydrosta- 
tical balance; it differs but little 
from the balance in common use. 
Some instruments of this kind are 
more complicated, but the most sim- 
ple are best adapted to my purpose. 

To the beam two scale-pans ar^ 
adjusted, and may \>^ \.^«l ^^ ^^ 

1& 3 
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pleasure. There is also another pan 
A, of equal weight with one of the 
others, furnished with shorter strings 
and a small hook^ so that any body 
may be hung to it, and then im* 
mersed in the vessel of water b. 

Charles. Is it by means of this 
instrument that you find the specific 
gravity of different bodies ? 

Father. It is : I will first give 
you the rule, and then illustrate it 
by experiments. The rule should 
be commited to memory. 

** Weigh the body first in air ; 
that is in the common method: then 
weigh it in water: observe how much 
weight it loses by being weighed in 
water; and, by dividing the former 
weight by the loss sustained, the re*^ 
suit is its specific gravity, compared 
with that of the water." 
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I will give you an example. — Here 
is a new guinea: it weighs in the air 
129 grains: I suspend it by a fine 
thread of hor$e-hair to the hook at 
the bottom of the pan a, and you 
see that by being immersed in water 
it weighs only 1211^ grains. 

Emma. Then in the water it had 
lost of its weight 7^ grains. 

Father. Divide 129 by 7^, or, 
by turning the ^ into decimals, by 
7.25. 

Charles. But I must add two 
ciphers to the 129 grains, because 
there must always be as many deci- 
mals in the dividend as there are in 
the divisor. And 12900 divided 
,by 7.25 gives for the quotient more 
than 17- 

Father. The gold is therefo\^\»ss^^ 
thaa li times heaviet \X\^.w >n^x«- 
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Emma. I do not understand tlie 
reason of this. 

Father. In this scale is a bason 
filled accurately to the brim with 
water. I will put a piece of maho- 
gany into it very gently ; atiy thing 
else would answer the same pur- 
pose. 

Emma. The water runs over into 
the scale. 

Father. So I expected it would : 
now every thing is at rest, and the 
bason is just as full as it was at firsts 
only th*t the wood and water toge- 
ther fill the bason, whereas it was all 
water before. I will take away the 
bason, and put the mahogany by 
itself into the other scale. 

Emma. It balances the water 
that run out of the bason. 

C%ar^Si The mahogany \heu d\s^ 
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placed a quantity of water equal to 
Itself in weight. 

Father. And so did the guinea 
just now ; and if you had taken the 
same precaution, you would have 
found that the quantity of water 
equal in bulk to the guinea weighed 
7^ grains, the weight which it lost by 
being weighed in tlie fluid. 

Emma. Am I to understand, that 
what any substance loses of its weight, 
by being immersed in water, is equal 
to the weight of a quantity of watef 
of the same bulk as the substance 
itself? 

Father. This is true, if the body 
be wholly immersed in water ; and 
with regard to all substances that are 
specifically heavier than water, you 
may take it as an axiom, that " every 
body, when immevsed\\\vj^X^^A^'^'^'^ 
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ft 

as nAuch of its weight as is equal 
to the weight of a bulk of water ci 
the same magnitude/'- 

I will now place this empty box 
on the bason filled to the edge, with 
water, and^ as before, it drives over ia 
quantity of the fluid equal in weight 
to itself. Put in two penny-pieces, 
and you perceive the box sinks 
deeper into the water. 

Charles. And they drive more water 
over: as much, I suppose, as is equal 
in weight to the copper cont. 

Father. Right: how long could 
you go on loading the box ? 

Charles. Till the weight of the 
copper and box, taken together, is 
something gi^ater than the weight of 
as much water as is equal in bulk to 
the box. 

Father. "You understand, thcn» 



SPXCIFIC GRAVITIBS. JSt 

the reason why boats^ bar^es^ ctnd 
other vessdisy swim on water ; and to 
what extent yo« may load them with 
aafety. 

Emma. They will swim so Ion; 
as the weight of tlie vessel and its 
lading together is kss tjhan that of a 
quantity of water equal in bulk to 
the vessel. 

Father. Can you, Charles^ devose 
any method to make iron or lead 
iwim» which are so much heavier 
than water ? 

Charles. I think I can. l^the 
metal be beat out very thin, and the 
edges turned up, I can easily con* 
ceive that a box or a boat of it may 
be made to swim. Of this kind is 
the popper ball which is contrived to 
turn off the water when the cistern 
4s/nU« 
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Emma. I have often wondered 
how that acts. 

Father. If, upon reflection, you 
could not satisfy yourself about the 
mode of its acting, you should have 
asked : it is better to get information 
from another, than to remain igno- 
rant. 

The ball, though made of copper, 
which is eight or nine times heavier 
than water, is beat out so thin, that 
its bulk is much lighter than an 
equal bulk of water. By means of 
a handle it is fastened to the cock, 
through which the water flows, and 
as it sinks or rises, it opens or shuts 
the cock. ^ 

If the cistern is empty, the ball 

hangs down and the cock is open,:to 

admit the water freely ; as the water 

rises in the cistern it resLches the ball. 
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wbicb^ being lighter than the water^ 
rises with it» stnd, by rising, gradually 
shuts the cock, and, if it be properly 
placed, it is contrived to shut the 
cock just at the moment that the cis- 
tern is full. 

^ In the same way that .these balls 
,are made, boats of iron are now con- 
structed at the iron- works in Shrop- 
shire: they will last longer than 
wood, and cause less friction in pass- 
ing through the water. 

Can you, Emma^ find the specific 
gravity of this piece of silver ? 

Emma. It weighs in air 318 
vgrains : I now fasten it to the hook 
with the horse-hair, and it weighs in 
water 288 grains, which, taken from 
318, leave 30, the weight it lost in 
, water. By dividing 318 by 30, the 
quotient is about \0^> ewiSiao^^^^^ 

VOL. 111. ^ 
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'specific gravity of the sik^r is 
_ j^OLd a half times greater than tUat 
pf water. 

" Fatber. What is the specific gr^* 
rity of this piece of flini;- glass i It 
weighs 12 pennyweights in air. 

Cliaries. And in water it w^ghs 
iXDiy 8, and coosequeoAly loses 4 by 
unmersion; and 14 divided by 4 gives 
8, thei3efcM}e the specific gravity of 
flint gilass is 3 tisAej? greater Ihan tiiat 
of water. 

Father. This is not the case with 
all flint'^ass; it varies firoin 2 if> 
ajmost 4. 

Here is an ounce of quicksilV'isri 
let me kaow its specific graxrity by 
lihe method now proposed. 

Emma. How will you manage 
Chat ? yott cannot hang it upon ihe 
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Father. But you may siisj^Dd thiv 
gla(s& bucket (Plat« ili. Fig. 21) oik 
the hook at the bottom of a; hn- 
merse it iu the water^ and tbeti ba- 
lance it exalctly with weights ih the 
opposite scale. 

I will now put into the bucket the 
wince, or 480 grains, of quicksilver^ 
aaid see how much it loses in water. 
. Charles. It weighs 445 grains, and 
consequently it lost 35 grains by im^ 
mersion; and 480 divided by 35 give 
aknost 14, so that mercury is almost 
14 times heavier than water. 

Father. In the same manner we 
obtain the specific gravity of ^11 bo- 
dies that consist of small fragments. 
They must be put into the glass 
bucket and weighed: and then, if 
from the weight of the bucket and 
body in the fluid ^ovx ^vJoXx^^ '^'^ 
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weight of the bucket, there remains 
the weight of the body in the fluid. 

Emma. Why do you make use of 
horse-hair to suspend the substances 
with ? would not silk or thread do as 
well? 

Father. Horse- hair is by much 
the best, for it is very nearly of the 
same specific gravity of water ; and 
its substance is of such a nature as 
not to imbibe moisture. 
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Of the Methods of finding the Specific 
Gravities of Bodies. 

r 

CHARLES. I have endeavoured 
to find out the specific gravity of this 
piece of beech-wood 5 but, as it will 
not sink in the water^ I know not 
how to do it. 

Father. It is true> that we have 
hitherto only given rules for the ilind* 
ing of the specific gravity of bodies 
that are heavier than water; a little 
consideration^ however^ will show you 
bow to obtiun the s^ectAa ^jyw^x^ ^ 
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the beech. ' Can you contrive means 
to sink the beech in the water ? 

Charles. Yes ; if I join a piece of 
lead, or other metal^ to the wjood, it 
wili sink. 

Father, The beech weighs 660 
grains ; I will annex to it an ounce^ 
or 480 grains of tin, which In water 
loses of its weight 51 grains. In air 
the weight of the wood and metal 
taken together is 1140 grains; but 
in water they weigh but 138 grains: 
138 taken from 1140 leave 1002, the 
difference between the weights in afr 
and in water. 

Charles. I now see the mode of 
finding what I want. The whole 
mass loses 1002 grains by immersion; 
and the tin by itself lost in water 51 
grains; therefore the wood lost 951 
grains of its weight by immeoiion : 
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aiid 660 grains, the weight of the 
beechin air, divided by 9^1, which: 
it may be said to lose by immersioiit' 
ledves in decimals for a quotient 694.* 

Father. Then making water, the 
standard, equal to 1, the beech is 
•694, or nearly -tV^bs of 1 : that is, a 
cubic foot of water is to a cubic foot 
of beech as 1000 to 694, for the one 
weighs iOOO ounces, and the other 
694 dunces. 

Emma. It seems odd how a 
piece of wood that weighs about* 
660 grains in air« should lose of its 
weight 951 grains. ' 

Father. You must, in this case, 
considei^ the weight tiecessary to make 
it sink in water, which must be &dded* 
to the weight of the wood. 

I will now endieavour to mdke the 

* 

sub;ect eaisier by a d\S««iA tte:^^^ v 
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Tbfd sfliall pieot of ehn 4 I WtH 
l^fiK^ between the tongs (Plate iif ^ 
Ffgy 3f ) thai are nicdj balanced oil 
the hettm. (Fig. 20.) The elm weighs 
56 gratffi. To detam it under stater, 
I must bang 34 grains to the end of 
the lever on which the tongs are fixed : 
then, by the Rule of Three, I Say, as 
the specific gravity of theeim is to tlie 
specific gravity of water, so is 36, the 
weight of the elm, to 60, the weight of 
the elm and the additional weight re- 
quired to sink it in water, or as 60 : 
36 so is the specific gravity of the 
water to the specific gravity of the 
etefi. 

Emna. Yon haVe not obtained 
the specific gravity of tbe dm, but a 
proportion only. 

Chtttlef. Btti Uiree terms sire 
^iHm^ temM6 fte w Aet \a idwats 
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considered as unity or 1» therefore 
the specific gravity of the elm is 

Efnma. I do not yet comprehend , 
the reason of the proportion as* : 
sumed. 

Fattier. It is very simple. The eUn 
is lighter than the water, but by hang- 
ing v\reights to the side of the balance^ 
to whi^h it is attached, in order to de- 
tain it just under water> I make the 
whole exactly equal to the specific 
gravity of the water ; by this means 
it is evident, that the comparative 
gravity of the elm is to that of the ■ 
water as 36 to 60. 

Try this piece of cork in the same 
manner. 

Emma. It weighs \ an ounce, or 
240 grains^ in air *, axxdi X^ ^^VskVCL^Q^i^ 
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cmk ami long? just mMler witer, i am 
obliged to hskig 2 omicef, or 960 
grains^ of lead on the lever: therefore! 
the specific gravity of the cork i^ io 
tfcrt of the water as 940 is to ISOO; 
and 240 ditided by laOO gives the 
decimal .2. 

Father. Then the specific gravity 
of water is 5 times greater than tbit 
of cork. 

Charles. We have aiccordfngty ob- 
tained th^ specific gravities of water^ 
beech, eln!^, and cork, whi6b ate ais I^ 
.7 nearly, .6, and .2^. 

Fathet. You how understand the 
methods of obtaining the specific 
gravity of all solids, whether lighter 
or heavier than water. In making 
experiments upon light and poront 
woods, the operations mast be piAr- 
^i6m^ M quickly aa ^ossiblet to 
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posveot tbe water bow^ getting into 
the pores. 

Ciarles. And you haye likeivise 
shown us a method of getting the spe- 
qific gravity of fluids, by weighing 
certain quantities of each. 

Father. I have a stiU better me- 
tbod : the mle I will give in wor48 : 
you shall illustrate it by examples. 

^ \i tbe vSame body be weighed in 
^i^bnant iUiids, the specific gravity of 
libe Unida wdH be as the waigtbtyloat/' 

Emma. Tbe body made use of 
imust kit l^eavier ibao the fluids. 

JFaiher Cetrtsdnly : this glass ball 
loses of its weight, by immersioia in 
water, 803 grains ; in milk it loses 
831 grains; therefore the specific 
gravity of tbe water is to that of milk ^ 
as )8Q3 to «31. Now a cubicai imt 
$i water weighs lW>d qwblcm\ ^i^o^i^ 
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will be the#eight of the same quan- 
tity of milk ? 

]$mma. As 803 : 831 : : 1000 : 

lOOOxiSSl 

— — ~— = 1035 ounces nearly. 

•803 . ^ 

Father,. Do you, Charles, tell me 
what is the specific gravity of some 
spirits of wine which I have in this 
phiaK 

Charles. The glass loses in water 
803 grains, in the spirit of wine it loses 
699 grains, therefore the specific gra- 
vity of water is to the spirit as 803 is 
to 699 ; and to find the weight of a 
cubical foot of the spirit^ I say, as 

803 : 699 :: 1000 : ]^J^^ 

803 

-870 ounces. 

>r/ Father. You may now deduce. the 

j method of comparing the specific 

gtufities of solids cue with an- 
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Other without makingiia commda- 
standard. * 

Here is an ounce of lead and ano- 
ther of tin : I may weigh them in 
any fluid whatever: in water the lead 
loses by immersion 42 grains, and the 
tin 63 grains. 

Emma. Is the specific gravity of 
the lead to that of the tin as 42 to 
63? 

Father. No : ** the specific gra- 
*^ vities of bodies are to one another 
" inversely as the losses of weight 
" sustained :*' therefore the* specific 
gravity of the lead is to that of the- 
tin as 63 to 42; or, if a block of lead 
weighs 63 pounds, the same sized 
block of tin will weigh. 42 pounds 
only. 

Charles. I think I see the reasoa 
of this : the heavier tVv^ V^^^^ >^^ia^ 

VOL. IJI. O 
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less itlosesofits weight by immersiou ; 
therefore, of two bodies whose abso- 
lute weights are the same, that is, 
each weighing an ounce, pound, &c., 
the one which loses least of its weight 
will be the most specifically heavy* 

Father. You are right; for the 
specific gravity of bodies is as their 
density, and their densities are in- 
versely as the weights they lose by 
immersion ; that is, the body that is 
moat dense will lose the least in water. 

Emma. Why does the most dense 
body lose the least of its weight when 
immersed in water ? 

Father, Because it displaces the 
least quantity of water : thus an ounce 
of copper would occupy seven or eight 
times less space than an ounce of 
viood, and would, of course, displace 
ismen or ei j;ht times less water. 
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CONVERSATION XIV. 



Of the Methods of obtaining the Spe^ 
cijic Gravity of Bodies. 

FATHER. As I have shown you 
the methods of finding the specific 
gravity of almost all kinds of bodies, 
it will be proper in this, and one or 
two lessons, to show you the practi* 
cal utility of this part of science. 

Emma. To whom are we indebted 
for the discovery of the mode of per- 
forming these operations ? 

Father. To that most celebrated 
mathematician of antiquity, Archi* 
niedes. 
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Charles. *Was he not slain by a 
common soldier at the siege of Syra- 
cuse? 

Father. He was, to the great 
grief of Marcellus, the Roman com- 
mander, who had ordered that his 
house and person should be respected : 
but the philosopher was too deeply 
engaged in solving some geometrical 
inquiries to think of seeking that 
protection which even the enemy 
intended for him. 

Livy says he was slain by a soldier, 
not knowing who he was, while he 
was describing mathematical dia- 
grams on the ground : that the Ro- 
man congimander gave him a magni- 
ficent funeral, and made his name a 
protection and honour to those who 
could claim a relationship to him. 
The death of Archimedes hap^ieued 
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more than 200 years before the 
birth of Christ* 

Emma. Had he at that time so 
high a reputation a6 to induce the 
general of a besieging army to give 
particular orders for his preservation ? 

Father. His celebrity was so great 
among the literati of Rome, that his 
tragical end caused more real sorrow 
than the capture of the whole island 
of Sicily did joy. 

We are informed by history, that 
it was by the wisdom of Archimedes^ 
that the fate of Syracuse was long 
suspended : by his inventions multi- 
tudes of the Roman army were 
killed) and their ships destroyed : and 
it is added that he made use of burn* 
ing glasses, which, at the distance of 
some hundreds of yards, set the Ro«> 
man vessels on fire. 
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Charles. I wonder then that he 
was not defended by his fellow- 
citizens. 

Father. Alas ! my child, I am 
sorry to say, that in other countries, 
as wdl as Sicily, there have been in- 
stances in which persons,' who have 
benefited their country as much as 
Archimedes, have experienced no 
more gratitude than he did. 

It is a fortunate circumstance when 
the eflTorts of philosophy are directed, 
under able judgment, to the defence 
of one's country. The Romans had 
no more right to plunder Sicily than 
the highwayman has to rifle your 
pockets or mine. In the eye of rea- 
son and justice, offensive vcdiV is the 
most deliberate and cruel system of 
robbery and murder. 

^ut tp return tp our subject. To 
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Archimedes the world is indebted 
for Uie discovery, " That every body 
'^ heavier than its bulk of water, 
^* loses!' so much of its weight, by 

being suspended in water, as is 

equal to the weight of a quantity 
*^ of water equal to its bulk/* 

Emma. How did he make the 
discovery ? 

Father. Hiero, king of Syracuse, 
had given to a jewieller a certain 
quantity of pure gold, to make a 
crown for him. The monarch, when 
be saw the crown, suspected the artist 
of having kept back part of the 
gold. 

Emma. Why did he not weigh it ? 

Father. He did ; and found the 
weight right: but he suspected, per- 
haps frpmf the colour of the crown, 
that some baser metal ;ih94 been 
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mixed with the gold, and therefore^ 
though he had his weighty yet only a 
part of it was gold, the rest was silver 
or copper. He applied to Archi- 
medes to investigate the frand. 

Charles. Did he melt the crown, 
and endeavour to separate the metals ? 

Father. That would not have 
answered Hiero*s intentions: his ob- 
ject was to detect the roguery, if any, 
without destroying the workmanship. 
While the philosopher was intent 
upon the problem, he went, accord- 
ing to his custom, into the bath, 
and he observed that a quantity of 
water flowed over, which he thought 
must be equal to the bulk of his own 
body. He instantly saw the solution 
of Hiero's problem. In raptures at 
the discovery, he is said to have 
leaped firom the watetand run naked' 
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through the streets of th€ city,- shout- 
ing aloud Euprixa ! EvprjxoL ! ■ ^^ I have 
found it out I I have fouod it out ! " 
When the excess of his joy was 
abated, he obtained two masses, one 
of gQld> and the other of silver, each 
equal in weight to the crown, .and 
having filled a vessel very, accurately 
with water, into which he first dipped 
the silver mass and observed the quan- 
tity of water that flowed over, vh« 
then did the same with the gold, and 
found that a less quantity of water 
had flowed over than before. 

Charles. And was he, from these 
trials, led to. conclude, that the bulk 
of the silver was greater than that of 
the gold ? 

Father. He was; and also ths^t 
the bulk of water displaced was, in 
, each experiment, ec\yiL^\ \.o \X\^\^n3^ 
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of the metal. He then made th^ 
game trial with the crown^ and found, 
that though of the same weight with 
the masses of silver and gold, yet it 
displaced more water than the gold, 
and less than the silver. 

Emma. Accordingly he con* 
eluded, I imagine, that it was nei^ 
tber pure gold nor pure silver. 

Charles. But how could he dis-> 
cover the proportions of each metal ? 

Father. I believe we have no 
other facts to carry us farther into 
the history of this interesting expert* 
ment. But to-morrow I will en- 
deavour to explain and illustrate the 
matter. 
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CONVERSATION XV. 



Of (lit Methods of obtaining the Spe- 
cific Gravity of Bodies. 

EMMA. You are to describe, 
to-day» the method x)f detecting the 
proportion of each metal if two are 
mixed together in one mass. 

Father. Suppose I take in change 
a guinea, which I suspect to be bad : 
upon trying it I find it weighs 129 
grains, which is the standard weight 
of a guinea. I then weigh it in 
water, and it loses of its weight 8^ 
grains, by which I divide the 129f 
and the quotient is 16.6^ X>ftft ^^^^>S\c- 
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gravity of the guinea. *But you 
know the specific gravity of the 
gold, in Tower-made guineas, is more 
than 17, and therefore I conclude the 
guinea is base metal, a mixture of 
silver, or copper, with standard gold. 
Charles. But how will you get 
the proportions of the two metals? 

Father. Suppose, for example, that 
the mass be a compound of silver and 
gold. — " Compute what the loss of 
^* a mass of standard gold would be; 
*' and likewise the loss which a mass 
** of silver equal in weight to the 
'* guinea would sustain. Subtract 
*^ the loss of the gold from that 
** of tlie compound, the remainder 
" is the ratio or proportion (not the 
" quantity) of the silver: then sub- 
" tract til e loss of the . compound 
^' from that of . the silver, the re-, 
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mainder is the proportion of the 
gold." I will propose you an ex- 
ample* 

What are the proportions of silver 
and gold in a guinea weighing 129 
grains, whose specific gravity is found 
to be only 13,09 ; supposing the 
loss of standard gold '7'^5, and that 
of a piece of silver, equal in weight 
to a guinea, 12.45, and the loss of 
the compound 9.85 ? 

Charles. I first subtract the loss 
of standard gold T/25 from the loss 
of the compound 9.85, the remainder 
is 3.6 : I now take the loss of the 
compound 9.85^ from that sustained 
by the silver 12.45, and the remainder > 
is also 2.6. 

V Father. Then the proportions of ■ 
silver and gold are equal to otve ^w- . 
VOL. 111. T? 
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Other, consequently the false guinea is 
half standard gold and half silver. 

Here is another counterfeit guinea, 
which is full weight, but t know it 
IS composed of standard gold adulte* 
rated with copper, and its loss ia 
water is^ as you see, 8.64 : 4iow tell 
me the proportions of the two metals ; 
butyoU should be informed that a piece 
of copper of the weight of a guinea 
would lose in water 14.65 grains. 

Emma. I deduct 7.25, the loss of 
a guinea standard gold, from 8.64, 
the remainder is 1.39: I now take 
the loss of the compound 8. 64. from 
14.65, the loss sustained by a piece of 
copper equal in weight to a guinea, 
and the remainder is 6.01. Is not 
the proportion of copper to gold .jas 
J.39to6.01? 
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Father. You arc quite right. 
Now, bj the Rule of Three, tell me 
the quantity of each metal ? 

Eimna. To find the weight of 
the copper, I add 6.01 and 1.39 to* 
gether, which are the proportional 
weights of the two metals. And 
say, as 7-40, the sum, is to 1.39, the 
proportional weight of copper, so is 
the weight of the guinea, 129 grains; 
to the real weight of copper con^ 
tained in the counterfeit guinea: but 

1-39x129 r.t . ^ r 

— =-j^| — =24.1, therefore there is 

a little more than 24 grains of copper 
in the compound. 

Fattier. You have found then 
that there are 24 grains of copper ia 
this counterfeit guinea. How will 
you find the weight of the gold ? 

Emma. Very ea^vl^ \ fot \S: ^Cwfe 
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composition be copper and gold, and 
there are found to be 24 grains 
of copper, there must be 105 -of 
gold. 

* Charles. I have a question to 
propose. If by chance you take a 
bad guinea (I have heard you sajr 
that you never attempt to pass bad 
money upon others), how should you 
be able to ascertain the value it would 
fetch at the goldsmith's ? 

Father. It is certainly very wrong 
knowingly to pass bad money upoa 
the public : no man has a right to 
commit an injury because he bas 
received one; if, therefore, I have 
taken counterfeit money, I ought to 
abide by the loss, rather than rua 
the risk of injuring my neighbour: 
besides, in the course of circulation, a 
bsd guinea,- or a sevw-shilUog igiece^ 
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or even coins of much less value, may 
fall into the bauds of a poor and in* 

^ dustrious family, which they perhaps 
lay by to answer the extraordinary 
demands of sickness s and, at that 
period of distress^ not being able to 
say from whom they received the 

. counterfeit coin, they may possibly 
be reduced to serious and pitiable 
difBculties : and therefore it is better 
for me to put up with the loss than 
run the hazard of injuring the poor. 

Now to answer your question : — A 
piece of copper, of equal weight witii 
a guinea, loses of its weight in water 
14.65 grains, 7.4 more than is lost 
by a standard guinea. The value of 
a standard guinea is 253 pence s di^ 
vide, therefore,. 252 by 7.4 and yon 
get 34) the number of pence that is 
deducted from the Naku^ ^ ^ !(j^qI^^»« 
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for every grain it loses more than it 
would lose if it were sterling gold. 

Emma. In the guinea that lost 
8.64> how much must be deducted 
from the real value of a guinea stand- 
ard gold? 

Charles. I can tell that ; subtract 
7*25 from 8.64 the remainder is l.S?* 
and this multiplied by 34 pence gives 
47.26 pence, or very nearly 4 shil* 
lings, consequently that guinea is 
worth only 17 shillings. 

Father. Suppose the compound 
were silver and gold, how would you 
proceed in making an estimate of its 
value ? 

Charles. A piece of silver of thtf 
weight of a guinea would lose IS.45 
grains, from which I deduct 7-35; 
and with the remainder 5.2 I divide 
the value of a guinea, or ^3 ^nce,, 
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and the quotient is 48.4 pence,, or 
rather more than 4 shillings is to be 
deducted from the value of a gmnea 
adulterated with silver, for every 
grain it loses by. immersion more 
than standard gold. 

Emma. How is that, papa ? Sil- 
ver is much dearer than copper, and . 
yet you allow 4 shillings a grain when 
the guinea is alloyed with silver, and 
but 2s. lOd. when the mixture is 
made with copper? 

Father. Because the specific gra* 
vity of silver is much nearer to that 
of gold than that of copper, conse- 
quently, if equal quantities of silver 
and Copper were nxixed with gold, the 
silver would cause a much less loss by 
immersion in water than the copper. 

As it seldom happens that the 
adulteration of mtUl \ii.i|gx^ 
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made with all copper, or with alt 
silver, but generally with a mixture 
of both, three sbiUings is upon the 
average allowed for every grain that 
the base metal loses by immersion in 
water more than sterling gold. 

Emma. There is a silver cream 

jug in the parlour; I have heard 

mamma say, she did not think it was 

real silver: how could she find out 

whether she has been imposed on ? 

Father. Go and fetch it. We 
will now weigh it. 

Emma. It weighs 5^ ounces, but 
I must weigh it in water, and it h«s 
lost in the water 10^ dwts^ and di* 
viding 5^ ounces, or 110 penny- 
weights by 10^, I get for answtr 
10.7 the specific gravity of the jug. 

Father. Then there is no cause 
far compi^int^ (or the specific gravity 
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of good wrought silver is seldom 
more than this. 

Tabic of Specific Gravities. 

Distilled water . 1.000 

Sea water 1.026 

Standard gold 17.486 

^{ercury 13.568 

Standard silver 10.391 

Lead ...,.•••••• 11-352 

Brass 8.396 

Copper , • . , 7.788 

Tin ^ . . 7.291 

Iron (cast) • t 7.207 

Iron (bar) • . t 7.788 

?inc , , . . . 7.191 

• • • 

Tlint-glass 3.290 

Ivory 1.825 

Oil ^ 91.0 

Cork •••,...,... .240 



t 



ICC ttToaosTATies. 



CONVERSATION XVI. 



Of the Hydrometer. 

FA THER. Before I describe the 
construction and uses of the bjdro- 
meter^I wiU shoivyou anexpertoireat 
or two whicb will afford you enter- 
tainment after the dry calculations ta 
some of our former Conversations. 

Charles. The arithmetical opera* 
tion^ arQ rather tedious to be. sore, 
but they serve to bring to mind what 
we have already learnt, and at the 
same time show to what uses arith- 
metic may be ap^Wed. 
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Father. You know that wine is 
specifically lighter than water^ and 
the lighter body will always be up* 
permost: upon these principles I 
will exhibit two cfr three experi- 
ments. I have filled the bulb b 
(Plate III, Fig. 23) with the port 
wine to the top of tlie narrow stem 
;r. I now fill k with water. 

Emma. The wine is gradually 
ascending like a fine red thread 
through the water to its surface. 

Father. And so it will continue 
till the water and wine have changed 
places. 

Charles. I wonder the two li« 
quids do not mix, as wine and water 
do in a common drinking glass. 

Father. It is the narrowness of 
the stem x which prevents the 
; in time, Vww^^^^ "^^^ 
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would be effected, because water 
and wine have what the chjemists 
call an attraction for each other. 

Here is a small bottle b (Plate lir. 
Fig. 24) with a neck three inches 
long, and about one sixth of an inch 
wide; it is full of red wine. I will 
now place it at the bottom of a jar 
of water, a few inches deeper thaa 
the bottle is high. The wine, you 
observe, is ascending through the 
water. 

Emma. This is a very pretty ex- 
periment: the wine rises in a small 
column to the surface of the water, 
spreading itself over it like a cloud. 

Father. Nqw reverse tlie experi- 
ment : fill the bottle with water, and 
plunge its neck quickly into a glass 
of wine with its mouth downwards i 
the w'lQ^ \% iaking place o\; vUe v(^Lter* 
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Charles. Could you decanter a 
bottle of wine in this way without 
turning it up? 

Father. I couId» if the neck of 
the decanter were sufficiently small. 
The negroes in the West- Indies 
are said to be well acquainted with 
this part of hydrostatics, and that 
they plunder their masters of rum 
by filling a common bbttle with 
water and plunging the neck of 
it into the bung-hole of the hogs-, 
head. 

Emtna. Poor creatures, they ought 
to have something to console them 
fpr the miseries they endure. 

Father. Indeed the cruelties that 
are in general exercised upon slaves,, 
very much extenuate the crime of 
pilfering, of which they are said to 
be guilty. 

VOL. III. Q. 
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UpoQ the principle of lighter fluids 
keeping the uppermoil parts ot a 
vessel, several fluids may be placed 
upon one another in the same vessel 
without mixing; thus in a long up- 
right Jar, three or four, mches in dia* 
meter, I can place water first, then 
port wine, then oil, brandy, oil of 
turpentine, and alcohol. 

diaries. How would you pour 
them in one upon another without 
mixing ? 

Father. This will require a little 
dexterity : when the water is in, I 
lay a piece of very thin pasteboard 
over its surface, and then pour iu 
the wine ; after which I take awaj^ 
the pasteboard, and proceed in the 
same manner with die rest. Take 
a common goblet or drinking 
g)ass, pom water in and then iay 
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a thin piece of toasted bread upon 
the water, and you may pour your 
ivine upon the bread, and the two 
fluids will remaio for some time se- 
parate. 

. Emma. Is the toast placed mere- 
ly to receive the shock of Uie wine 
when poured in ? 

Father. That is the reason. Now 
I will pn)ceed to explain the prin* 
ciple of the lydrometer^ an instru- 
ment contrived to ascertain with ac^ 
curacy and expedition tlie specific 
gravities of different fluids. 

A B (Plate 11^ Fig. 25) is a hol- 
low cylindrical tube of glass, ivory, 
copper, ifcc, five or six inches long, 
annexed to a hollow sphere of copper 
D : to the bottom of this is united 
a smaller sphere x, containing a 
little quicksilver, or a &.'h V^^^^s^ 
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shot sufficient to poise the machine, 
and make it sink vertically in the 
fluid. 

Cliarles. What are the marks on 
the tube ? 

Father. They are degrees • exhi- 
biting the magnitudes of the part be- 
low the surface, consequently the 
specific gravity of the fluid in which 
it descends. If the hydrometer^ 
when placed in water, sink to the 
figure 10, and in spirit of wine to 
IIJ, then the specific gravity of the 
water is to that of the spirit, as 11.1 
to 10; for if the same body float 
upon different fluids the specific gra- 
vity of these fluids will be to each 
other inversely as; the parts of the 
body immersed. 

Emma. By inversely ^ do you 
mes^a that the fluid in which the 



THS HyJOROMXTBR. 173 

hydrometer sinks the deepest is of 
the least speeific gravity ? 

Father. Y&, I do: here is a piece 
of dry oakj which, if I put into spirits 
of wine, is entirely immersed; in 
water the greatest part of it sinks be« 
low the surface ; but in mercury it 
scarcely sinks at all. Hence it is 
evident that the hydrometer will sink 
deepest in the fluid that is of the least 
specific gravity. 

To render this instrument of more 
service, a small stem is fixed at the 
end of the tube^ upon which weights, 
like that at g, may be placed. Sup- 
pose then the weight of the instru* 
ment is 10 dwts.> imd by being pla<;f d 
in any kind of spirit it sinks to a 
certain point i^ it will require an ad« 
ditional weighty suppose 1.6 dwts. to 
cause it to mk to ite wccifi^ ^i!^^di^\^ 
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water : in this case the specific gra- 
vity of the water to the spirit will be 
as 11.6 to 10. By the addition of 
different weights the specific gravity 
of any kind of liquor is easily found. 
The point l should be so placed as 
to mark the exact depth to which 
the instrument will sink in the 
liquor that has the least specific gra^ 
vity. 

Charles, But you always make 
the specific gravity of water 1, for the 
sake of a standard. 

Fatlier. Right: and to find the 
specific gravity of the spirit compared 
with water at 1> I say as 11.6 : 1 : ; 
10 : «862 nearly, so that I should put 
the specific gravity of this spirit down 
at .862 in .a table where water was 
marked 1 :• and as a cubic foot of 
mMter, weighs I000o\uice&, ^ c^bic 
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foot of this spirit would weigh 863 ^ 
ounces^ which is generally the stand-' 
ard of pare rectified spirit. 

Emma. Is this what is usually: 
called spirits of wine ? 

Father^ No : it is the alcohol of 
the chemists, one pint of which add- 
ed to a pint of water make a quart 
nearly of common spirits of wine. 

Charles. You said .862 was gene^ 
rally the specific gravity of alcohol : 
what causes the difference at other 
times ? 

Father. It is not always manu- 
factured of equal strength : and the 
same fluids vary in respect to their 
specific gravity by the different de«- 
grees of heat and cold in the atmo- 
sphere. The cold of winter condenses 
the fluid and increases the specific 
gravity 3 the heat of sutavci^t c.^'o^^ 
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ao expansion of the fluid and a di« 
miuution of its specific gravity, 

Emma. You said just now ttutt a 
pint of water added to a pint of al- 
cohol made nearly a quart of spirits 
of wine; surely two pints make a full 
quart ? 

Fattier. Indeed they will uoL A 

pint of water added to a pint of water 

will make a quart; and a pint of spi* 

rit added to a pint of spirit will make 

a quart; but mix a pint of spirit 

with a pint of water^ and there is a 

certain chemical union or penetra- 

tion between the particles of the two 

fluids^ so that they will not make a 

quart* This subject we shall resume 

in our Chemical Conyersations *. 

* See ptalogiiesia Chemistry^ Vol. I, p. 40. 
V . ■• -/ 
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CONVERSATION XVIL 



" Of the Hydrometer, and Swimming. 

CHARLES. To what purposes 
is the hydrometer applied ? 

Father. It is used in breweries and 
distilleries' to ascertain the strength 
of their different liquors : and by 
this instrument the excise officers 
gauge the spirit, and thereby deter- 
mine the duties to be paid to the 
revenue. 

I think from the time we have 
spent in considering the specific gra* 
vity of different bodies, you will be ^^ 
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no loss to account for a variety of 
circumstaQces that may present 
themselves to your attention in the 
common concerns of life. Can you, 
Emma, explain the theory of float* 
ing vessels ? 

Emma. All bodies whatever, that 
float on the surface of the water, dis- 
place as mueh fluid as is equal in 
weight to the weight of the bodies : 
therefore, in order that a vessel may 
keep above water, it is only necessary 
to take care that the vessel and its 
cargo, passengers, &c.> should be of 
less weight than the weight of a 
quantity of water equal in bulk to 
that part of the vessel which it will 
be safe to immerge in the water. 

Father. Salt water, that is, the 
water in the sea, is speciBcally hea- 
Tier than fresh or river water. 



Charles. Thtn the vessel will Hot 
sink so deep at sea as it does in the 
Thames. 

Father. ^ That, is true ; if a ship is 
laden at Sunderland, or any other 
sea-port) with as much coals or com 
as it can carry, it will come very 
{fafely till it reach the firesh water in 
the Thames, and there it wiH infal- 
libly go to the bottom unless some of 
the cargo be taken out. 

Emma. How much heavier is 
sea water than the fresh ? 

Father. About one thirtieth 
part, which would be a guide to 
the master of a vessel, who was 
bent upon freighting it as deeply 
as possible. 

Charles. la bathing, I. have 
often tried to swim, but have not 
yet been abl« to ao^QW^^£»dcL ^^te» 
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task V is my body specifically hea- 
vier than the water ? 

Father. I hope you will learn to 
swim^ and well too ; it may be the 
means of saving your own life^ and 
rescuing others who are in danger 
of drowning : — 

-^Lifie is oft preserved 



n'M.l ill 



By« the bold swijmmer in the swift illapse 
Of accident disastrous* > Thomson. 

By some very accurate ex- 
periments made by Mr. Robert- 
son, a late librarian of the Royal 
Soci^ty^ upon ten different persons, 
the mean specific gravity of the 
human body was found to be about 
^th less than that of common river 
water. 

^' diaries. Why then do I sink to 
the bottom ? I ought to swim like 
wood on the surface. 
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Father. Though you are speci- 
fically lighter than water^ yet it will 
require some skill to throw yourself 
into such a position as to cause you 
to float like wood. 

Charles. What is that position ? 

Father. Dr. Franklin recommends 
a person to throw himself in a slant- 
ing position on his back, but his 
whole body, except the face, should 
be kept under water. And Thomson 
describes a youtb swimming, who 



through the obedient wave. 



At each short breathing by his lip repelled. 
With arms and legs according well, be makes, 
As humour leads, an easy winding path. 

Summer. 

Unskilful persons in the act of at- 
tempting this are apt to plunge about 
and struggle: by this means they 
take water in at Ihevt txi^^o^^s ^v^^ 

VOL. 111. Y^ 
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nostrils^ which of itself would soon 
render them as heavy or heavier than 
the water. Moreover the coldness 
of the stream tends to contract the 
body ; perhaps fear has the same 
tendency ; all these things put toge- 
ther will easily account for a person 
sinking in the water. 

Emma. But if a dog or a cat be 
thrown into the pond they seem as 
terrified as I should be in a like situ- 
ation, yet they never fail of making 
their way out by swimming. 

Father. Of all land animals, man 
is, probably, the most helpless in this 
element. The brute creation swim 
naturally, the human race must ac- 
quire the art by practice. In other 
animals the trunk of the body is large, 
aud their extremities small: in man it 
ds the reverse^ the axms ^tvd le%s ace 
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small in proportion to the bulk of the 
body, but the specific gravity of the 
extremities is greater than that of the 
trunk, consequently it will be tnore 
difficult for man to keep above water^ 
than for four-footed animals : besides, 
the act of swimming $eems more na- 
tural to them than to us> as it corres- 
ponds more neariy to their mode of 
walking and running than to ours. 

Charles. I will try the next time 
I bathe to throw myself on my back, 
according to Dr. Franklin's direc- 
tions. 

Father. Do not forget to make 
your experiments in water that is not 
so deep as yoq are high by at least a 
foot, unless you have an experienced 
person with you : because an unsuc- 
cessful experiment in this element, 
where it is but a little qm^ ^i ^^\^ 
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depth, may be the last you will make^ 
And neither your sister nor I can 
spare you yet. 

Charles. I once jumped into a 
part of the New River, which I 
thought did not appear deeper than 
yon say, and I found it was over my 
head ; but there were several persons 
there who soon put me in shallower 
water. 

Father. It is not so generally 
J^nown as it ought to be, that the 
depth of a clear stream of water is 
always one-fourth part greater than 
it appears to be *. 

Charles. If the river appear to 
be only three feet deep may I reckon 
upon its being full four feet ? 

* The reason of ibis deception is explained 
in our Conversations on Optics.— See Vol. V, 
Coarenation IV. 
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Father. You must estimate it in 
this manner. Remember also, that if 
a person sink slowly in water ever so 
deep, a small effort will , bring him 
up again, and if he be then able to 
throw himself on his back, keeping 
only his face above water, all will be 
well^; but if, ii:>6tead of this he is 
alarmed, and by struggling throw 
himself so high above the water that 
his body does not displace so much of 
it as is equal to its weight, he will 
sink with an accelerated motion : a 
still stronger effort, which the sense 
of danger will inspire, may bring him 
up again, but in two or three efforts 

* It has been asserted lately in .some of 
our best periodical works^ that if a person 
falling in the water, has presence of mind to 
lean his head a little backward, and nevec V\^v. 
h'lM hsunis above the Yr^ev,Yie c.^TiTw^\.iv^^* 
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of this kind his strength fails, and be 
sinks to rise no more alive. 

Emma. Is it the upward pressure 
which 4»migs up a person that is at a 
considerable depth in the wdter ? 

Father. It is : this upward pres- 
sure balances the weight of water, 
which he sustains^ or he would be 
crushed to pieces by it. 

Cork an empty bottle ever so well, 
and with weights plunge it down a 
hundred yards into the sea, and the 
pressure of the water will force thd 
cork into the bottle. 



TBB STFHON. 1S7 



CONVERSATION XVIIT. 



Of the Syphon. 

FATHER. This bended tube 
(Plate III, Fig. 26) is called a Sy- 
phon, and it is used to draw off water, 
wine, or other fluids, from vessels 
which it would be inconvenient to 
move from the place in which they 
stand. 

Charles, I do not see how it can 
draw liquor out of any vessel : — why 
is one leg longer than the other ? 

Father. I will first show you how 
the operation is performed, and thea 
endearoor to expYoAU X\v^ y^\\iw$»' 
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I fill the tube e d c with water, 
and then placing a finger on £, and 
another on c, I invert the tube, and 
immerse the shorter leg into a jar of 
water : and having taken my fingers 
away, you see the water runs over in 
a stream. 

Emma. Will it continue to flow 
over ? 

Father. It will till the water in 
the vessel come as low as e, the edge 
of the syphon. 

Charles, Is this accounted for by 
pressure ? 

Fatlier. To the pressure or weight 
of the atmosphere we are indebted 
for the action of the syphon, pumps, 
&c. At present you must take it 
for granted that the air which we 
breathe* though invisible, has weight, 

^U3c/ that the preasoce occwtfuifid V^^ 
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it, is equal to about 14 or 15 pounds 
upon every square inch *. The sur- 
face of this table is equal to about six 
square feet, or 864 square inches, and 
the pressure of the atmosphere upon 
it is equal to at least 12,000 pounds. 

Emma. How does the pressure of 
the air cause the water to run through 
the syphon ? 

Father. The principle of the 
syphon is this ; the two legs are of 
unequal length, consequently the 
weight of water in the longer leg is 
greater than that in the shorter, and 
therefore will, by its own gravity^ run 
out at c, leaving a vacuum from d 

* If any of my young readers are unwilliog 
to admit this assertion without prQpf, they 
must be referred to the beginning of the fourth 
volume of these Dialogues, for a complete de-< 
luoQstration of the fact. 
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to £, did not the pressure of the at- 
mosphere on the surface of the water 
in the jar force it up the leg de, and 
thus continually supply the place of 
the water in d c-. 

Charles. But since the pressure of 
fluids acts in all directions is not the 
npward pressure of the atmosphere 
against c, the mouth of the tube, 
equal to the downward pressure on 
the surface of the water ? 

Father, The pressure of the at- 
mosphere may be considered as equal 
in both cases. But these equal pres- 
sures are counteracted by the pres- 
sures of the two unequal columns of 
water, de and dc. And since the 
atmospheric pressure is more than 
sufficient to balance both these co- 
lumns of fluid, that which acts with 
the lesser force, that is the column 
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D£, will be more pressed against dc 
than DC is against de at the vertex 
d; consequently the column dk will 
yield to the greater pressure, and 
flow off through the orifice c. 

Emma. Would the same thing 
happen if the outer leg dc were 
shorter than the other ? 

Father. If dc were broken off 
at B, even with the surface of the 
water, no water would run over : or 
if it were broken off any where lower 
than B, it would only run away till 
the surface of the fluid descended to 
a level with the length of the outer 
tube, because then the column dk 
will be no more pressed against d c, 
than DC is against de, and conse- 
:)uent]y the syphon will empty itself; 
he water in the outer leg will run 
ut at the lower ofvfice^ ^sA >ie4»^» 
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in the inner will fall back into the 
jar. 

Charles. In decanting a bottle 
of wine are you obliged first to fill 
the syphon with liquor, and then in* 
vert it ? 

Father, No : a small pipe is fixed 
to the outer leg of the syphon, by 
which the air is drawn out of it by 
the mouth, and the short leg being 
immersed in the wine, the flui^ will 
follow the air, and run out till the 
bottle is empty. - n 

The syphon is sometimes disguised 
for the sake of amusing young people. 
Tantalus's cup (Plate iii, Fig. 27) 
is of this kind. The longer leg of 
the syphon passes through, and is 
cemented into the bottom of the 
cup; if water be poured into the 
cap, so as not to staud w <\\%l\ as 
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the bend of the tube, the water will 
remain as in any common vessel ; 
but if it be raised over the bended 
part lof the syphon it will run over, 
and continue to run till the vessel is 
emptied. Sometimes a little figure 
of a man, representing Tantalus, 
conceals the syphon, so that Tan- 
talus, as in the fable, stands up 
to his chin in water, but is never 
able to quench his thirst, for, just 
as it comes to a level with his chin, 
it runs out through the concealed 
syphon. 

Emma. To this fable the lines 
in Pope's Homer refer: — . 

E'en in the circling floods refreshment craves. 
And pines with thirst amidst a sea of waves ; 
And when the water to his lips applies. 
Back from his lipt the treacb'rous water flies;. 
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Father. It is alluded to also by 
our own Milton : — 

a nd of itself the water flies 



All taste of living wight, as once it fled 

The lip of Tantalus. 

Par. L0ST4 Book ii. 

This is another kind of Tan- 
talus's cup (Plate IV, Fig. 28), 
but the syphon is concealed in 
the handle, and when the water 
in the cup, which communicates 
with the shorter leg at i, is raised 
above the bend of the handle, 
it runs out through the longer 
leg at p» and so continues till the 
cup is empty. This cup is often 
made to deceive the unwary, who, 
by taking it, up to drink, cause the 
water, which was, while at rest, be- 
low the bend of the syphon, to run 
orer, and then there \s wo uveans of 



THE SYPHON. \*J5 

Stopping the stream till the vessel \^ 
empty. 

Charles. I have frequently seen 
at the doors of public houses large 
hogsheads of spirits in carts or wag- 
gons, and persons drawing off the 
pontents by means of an instrument 
like a syphon. 

Father. That is called a distiller's 
crane or syphon, b (Plate IV, Fig. 
29) represents one of these barrels 
with the crane at work from the 
bung-hole n. The longer leg m r 
is about three feet long, with a stop- 
cock near the middle, which must 
be shut, and then the shorter leg is 
immersed in the liquor. 

Emma. Is the air in the short 
leg forced into the other by the up- 
ward pressure of the fluid ? 

Father. It is, aud W\e c^^^X^^ns^?, 
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shut it cannot escape, but will be veiy 
much condensed. If then the cock 
be suddenly opened, the condensed 
air will rush out, and the pressure of 
the air on the liquor in the vessel will, 
force it over the bend of the syphon, 
and cause it to flow off in a stream^ 
as the figure represents. If, however, 
the barrel be not full, or nearly full, 
then it is necessary to draw the air 
Qut of the syphon by means of a small 
tube, a by fixed to it. 

By the principle of the syphon we 
are enabled to explain the nature of 
intermitting springs. 

Emma. What are these ? 

Father. They are springs, or ra- 
ther streams, that flow periodically. 
A figure will give a clearer idea of 
the subject than many words without* 
i? F c (Piate lY, ¥\g. 80\ represent 



INTKRMrmNG SPRINGS. VjJ 

a cavity in the bowels of a hill, or 
mountain, from the bottom of which, 
C proceeds the irregular cavity ced, 
forming a sort of natural syphon. 
Now, as this cavity fills, by means 
of rain or snow draining through the 
pores of the ground, the water will 
gradually rise in the leg ce, till it 
has attained the horizontal level li/i^ 
when it will begin to flow through 
the leg ED, and continue to increase 
in the quantity discharged as the 
water rises higher, till a full stream is 
sent forth, and then, by the principle 
of the syphon, it must continue to 
flow till the water sink to the level 
iif when the air will rush into the 
syphon, and stop its motion. 

Charles. And being once brought 
so low, it cannot run over again till 
the cavity is lulV oi vi^V^^^ w^ "^ 
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least, up to the level hh^ which, z 
it is only supplied by the draining o 
the water through the ground, mus 
take a considerable length of time. 
Is that the reason why they are called 
intermitting springs ? 

Father. It is: Mr. Clare, in h\i 

treatise " On the Motion of Fluids/' 

j illustrates this subject by referring to 

a pond at Gravesend, out of which 

the water ebbs all the time the tide 

is coming into the adjacent river, 

and runs in while the tide is going 

out. Another instance mentioned 

by the same author is a spring in 

Derbyshire called the Wedding Well, 

which at certain seasons, issues forth 

a strong stream, with a singing noise, 

for about three minutes, and then 

stops again. At Lambourn, in Berk- 

shire, there is a broo\w>N\\\c\Vvci«Kavtci^x 
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carries down a stream of water suffi- 
cient to turn a mill; but during the 
ivinter there is scarcely any current 
at all. 

In intermitting springs the periodi- 
cal returnsof theflowing and cessation 
will be regular, if the filling of the re- 
servoir be so -, but the interval of the 
returns must depend on the quantity 
of water furnished by the springs. 

Many springs are derived from na- 
turar syphons, existing in the sides of 
mountains, &c. at various depths, and 
to various extents. Some, situated 
on the tops of hills near to larger 
ones, supply water all the year, others 
only periodically, when they usually 
ilow in profusion. 
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CONVERSATION XIX, 



Of the Divers BelL 

FATHER. Take this ale-glass-, 
and thrust it with the mouth down- 
wards into a glass jar of water, and 
you will perceive that but very little 
water will enter into it. 

Charles. The water does not rise 
in it more than about a quarter of 
an inch : if I properly understand 
the subject, the air, which filled the 
glass before it was put in water, is 
now compressed into the smaller 
space; and it is iVusbo^^ o^ i\\>5c^aX. 
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prevents more water from getting 
into the glass. 

Father. That is the reason: for 
if you tilt the glass a little on one 
side, a part of the air will escape in 
the form of a bubble^ and then the 
water will rise higher in the glass. 

Upon this simple principle ma- 
chines have been invented, by which 
people have been able to walk abou^t 
at the bottom of the sea, with as 
much safety as upon the surface of 
the earth. The original machine of 
this kind was much improved by 
Dr. Halley, more than a century 
ago : it was called the Diver's Bell. 

Charles. Was it made in the 
shape of a bell ? 

Father. It was; and as great 
strength was required to resist the 
pressure of the wale^^ V^ ^^\y^^^'>N- 
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to be made of copper: this (Plate IV, 
Fig. 31) is a representation of it. 
The diameter of the bottom was five 
feet, that of the top three feet, and 
it was eight feet high: to make the 
vessel sink vertically in water, the 
bottom was loaded with a quantity 
of leaden balls. 

I Emma. It was as large as a good 
sized closet ; but how did he con- 
trive to get light ? 

Father. Light was let into the 
bell by means of strong spherical 
glasses, fixed in the top of the ma- 
chine. They are thus described by 
Dr. Darwin : — 

— Lo ! Britain's sons shall guide 

Huge sea-balloons beneath the tossing tide; 
The diving castles, rooPd wiih spheric glass, 
Ribb'd with strong oak, and barr'd with bolts 
of brass. 
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Cliarles. How are the divers 
supplied with air ? 

Father. Barrels, filled with fresh 
air, were made sufficiently heavy, 
and sent down, such as that repre* 
sented by c: from which a lea« 
them pipe communicated with the 
inside of the bell, and a stop-cock 
at the upper part of the bell let out 
the foul air. Dr. Darwin, in the 
spirit of propl:^cy, anticipates the 
time when these machines will be 
sent out upon voyages of discovery, 
and says, 

Tbeu shall Britannia rule the wealtliy realms^ 
WhichOcean's wide, insatiate wave o'erwhelius; 
Confine in netted bow'rs his scaly flocks. 
Part his blue plains, and people all his rocks.^ 

Botanical Garpen. 

Emma. The little men seem to 
sit very con^ntedly uudet \!w^ X^f^ 
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yet I do not think I should like a 
journey with them. 

Father. Perhaps not; but the 
principal inconrenience which divers 
experience arises from the conden- 
sation of the air in the bell, which 
though in the ale-glass was very 
trifling, yet at considerable depths 
in the sea is very great, and pro- 
duces a disagreeable pressure upon 
all parts of the body, but more parti- 
cularly in their ears, as if quills were 
thrust into them. This sensation 
does not last long, for the air press- 
ing through the pores of the skin, 
soon becomes as dense within their 
bodies as without, when the sense of 
pressure ceases. 

Emma. They might stop their 
ears with cotton. 

leather. One of lUevxv once thought 
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,himself as cunning as you, and for the 
want of cotton he chewed some paper 
and stuffed it into his ears ; as the 
bell descended, the paper was forcibly 
pressed into the cavities, and it was 
with great difficulty and some danger 
that it was extracted by a surgeon. 

Charles. Are divers able to re- 
main long under water ? 

Father. Yes : when all things are 
properly arranged, if business require 
it, they will stay several hours >vith- 
out the smallest difficultv. 

Emma. But how do they get up 
again ? 

Father. They are generally let 
down from on board ship,, and, tak- 
ing a rope with them, to which is 
fixed a bell in the vessel, they have 
' only to pull the string, and the people 
in the ship draw them \xi^. 

VOL. III. T 
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Charles. What does the figure £ 
represent ? 

Father. A man detached from the 
belK with a kind of inverted basket 
made of lead, in which is fixed another 
flexible leathern pipe, to give him 
fresh air from the bell as often as he 
may find it necessary. By this me- 
thod a man may walk to the distance 
of 80 or 100 yards from the machine. 

Emma. It is to be hoped his 
comrades will not forget to supply 
him with air. 

Father. If his head is a little 
above that part of the bell to which 
the pipe communicates, he can, by 
means of a stop-cock^ assist himself 
as often as he requires a new supply; 
and that man is always best helped 
who can help himself. 

Charles. I dare ^ay \.Vv^t \a a right 
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principle ; in the present case, I am 
sure, it would be exceedingly wrong 
to depend on another for that which 
might be done by one*s self. Has 
the Diver's Bell been applied to any 
very useful purposes ? 

Father. By means of this inven- 
tion, a great number of valuable com- 
modities have been recovered from 
wrecks of ships, though at greatdepths 
in the sea. And, by a proper degree 
of attention, accidents, which,through' 
carelessness, have occurred, may be 
readily prevented, and people may 
descend to very great depths without 
danger or apprehension. The bell 
is perfectly manageable, and may, 
by a small boat, be conducted froVn 
place to place with the greatest 
ease. 
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CONVERSATION XX. 



Of the Diver's Bell. 

FATHER. You see how, by this 
contrivance, the parts of wrecked 
vessels and their cargoes are saved 
from the devouring ocean i and by 
what means people are enabled to 
pursue the business of pearl and 
coral fishing. 

Emma. Have there been no ac- 
cidents attending this business ? 

Father. There are very few pro- 
fessions, however simple, the exercise 
of which, either through carelessness 
or /inattention, is not attended with 
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danger. The diving-bell proved fa- 
tal to Mr. Spalding and an assistant, 
who went down to view the wreck 
of the Innperial East-Indiman near 
Ireland. They had been down twice, 
but on descending the third time 
they remained about an hour under 
water, and had two barrels of air 
sent down to them, but the signals 
from below not being again repeated, 
after a certain time they were drawn 
up by their assistants, and both found 
dead in the bell. This accident 
happened by the twisting of some 
ropes, which prevented the unfortu- 
nate sufferers from announcing theif 
wants to iheir companions in the 
ship. — Mr. Day also perished at Ply- 
mouth in .a diving-bell of his own 
construction^ in which he was to 
have continued, for a vi^%<&\^ vh^Sc^^ 

1 a 
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bours, oue hundred feet deep in 
water. To these Dr. Darwin aU 
ludes; when speaking of the sea 
he says. 

Mingling in death the brave and good behold. 
With slaves to glory and with slaves to gold^ 
SbrinM in the deep shall Dat and Spalding 

mourn, 
Each in his treacb'rous .bell, sepulchral urn ! 

Botanical Garde)(. 

Charles. Did these accidents put 
an end to the experiments ? 

Fatlier. No; but they have led to 
improvements in the structure and use 
of the machine. Mr. Smeaton very 
success Aslly made use of a square 
cast-iron chest (Plate IV, Fig. 32), 
the weight of which, 50 cwt., was 
heavy enough to sink itself. It was' 
4^ feet m height, the same number 
Qf feet in length, wvdi ^ fe^ ^S&fcv 
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and of course afForded sufficient 

room for two "men to work under it 

at a time. 
Emma. What .are those round 

things at the top ? 
Father. Thev are four strong 

pieces of glass to admit the light.' 
The great advantage which this had 

above Dr. Hallcy's bell was, that the 
divers were supplied with a constant 
influx of air, without an}' attention of 
their own, by means of a forcing air- 
pump, worked in a boat upon the 
water's surface. 

Charles. Tliat is not represented 
in the plate. 

Father. Look to the next figure 
(Plate IV, Fig 33), which is a div- 
ing machine of a different construc- 
tion, invented by the very ingenious 
and truly respectable VtcX\x\e\^ \j\x. 
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Adam Wnlkei*, by whose leave I 
EDI enabled to copy the figure. 

This machine is of the shape of a 
conical tub, but little more than one* 
third as large as^ Mr. Smeaton's. The 
balls at the bottom are lead, suffi*' 
ciently heavy to make it sink of it- 
self: a bended metal tube, a 6 c, is 
attached to the outside of a machine 
with a stop-cock a, and a flexible 
leathern tube to the other end c; 
this tube is connected with a forcing 
air-pump rf, which abundantly sup- 
plies the diver with fresh air. 

Emma. Can he move jibout with 
the machine ? 

Father. Most readily ; for the 
pressure of the water being equal on 
all sides, he meets with very little 

* See Walker's System of Natural Philoso- 
phy, Q, Fols. 4tO. 
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resistance; and the ropes and lea- 
thern tube being flexible, he can, 
with the machine over his head, 
walk about several yard^, in a per- 
pendicular posture: and thus, having 
a more ready access to pieces of the 
wreck than in a cumbrous bell, he 
can easily fasten ropes to them, and 
perform any sort of business nearly 
as well as on dry land. Mr. Walker 
says, that the greatest part of the 
wreck saved from the rich ship BeU 
gioso was taken up by means of his 
bell. The following anecdote, given 
by this gentleman, will entertain my 
young readers. 

" As the diver had plenty of air 
to spare, he thought a candle might 
be supported in the bell, and he 
could descend by night He made 
the experiment, and presently l^>xcA 



I 
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himself surrounded by fish,. some very 
large, and many such as be bad never 
seen before. They sported about the 
bell, and smelt at his legs as they hung 
in the water: this rather alarmed him, 
for he was not sure but some of the 
larger might take a fancy to him; be 
therefore rang his bell to be taken up» 
and the fish accompanied him with 
much goodnature to the surface/'— 
To a scene not very unlike this, Dr. 
Darwin refers in the spirit of pro- 
phecy, when, 

Onward, thro' bright meandering vales, afar. 
Obedient sharks shall trail her sceptred car. 
With harness'd necks the pearly flood disturb. 
Stretch the silk rein, and champ the silver curb ; 
Pleas'd round her triumph wondVing Tritons 

play. 
And sea-maids hail her on the wat'ry way. 

Botanical Garden. 
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CONVERSATION XXI. 



Of Pumps. 



FATHER. Here is a glass mo- 
del of a common pump (Plate IV^) 
Fig. 34), wbich acts by the pressure 
of the atmosphere on the surface of 
the water in which it is placed. 

Emma. Is this like the pump 
below stairs ? 

Father. The principle is exactly 
the same: a represents a ring of 
wood or metal, witb pliable leather 
fastened round it to fit the cylinder 
A. Over the whole is a valve of 
metal covered w\lh\e^\X\^\^^S.Hi^^^ 
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a part serves as a hinge for the valve 
to open and shut by. 

Charles. What is a valve, sir ? 
Father. It may be described as a 
kind of lid or trap-door, that opens 
one way into a tube, but which the 
more forcibly it is pressed the other 
way, the closer the aperture is shut : 
so that it either admits the entrance 
of a fluid into the tube, and prevents^ 
its return ; or permits it to escape, and 
prevents its re- entrance. 

Attend now to the figure: the 
handle and rod r end in a fork 
which passes through the piston, and 
is screwed fast to it on the under side. 
Below this, and over a tube of a 
smaller bore, as x, is another valve v 
opening upward, which admits the 
water to flow up, but not to run 
down. 
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Emma. That valve is open now, 
by which we see the size of the lower 
tube, but I do not perceive the upper 
valve. 

Father. It is supposed to be 
shut, and, in this situation, the piston 
a is drawn up, and, being air-tight, 
the column of air on its top is re- 
moved, and consequently leaves a 
vacuum in the part of tlie cylinder 
between the piston and the lower 
valve. 

Chaises. I now see the reason 
of lifting up the pump handle : be- 
cause the piston then goes down 
to the lower valve, and by its 
ascent afterwards the vacuum is 
produced. 

Father. And the closer the piston 
is to the lower valve, the more per- 
fect will be the vacuum. 

VOL. HI. ^ 
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You know there is a pressure of the 
air on all bodies, on or near the sur- 
face of the earth, equal to about 14 
or 15 pounds on every square inch : 
this pressure upon the water in the 
well, into which the lower end of the 
pump is fixed, forces the water into 
the tube z, above its level, as high 
as /. 

Charles. What becomes of the 
air that was in that part of the tube ? 

Father. You shall see the ope- 
ration: I put the model into a 
dish of water, which now stands at a 
level in the tube z, with the water 
in the dish. I draw up the piston a, 
which causes a vacuum in the cylin- 
der A. 

Emma. But the valve v opens, 
and now the water has risen as high 
as I. 
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Father. Because, when the air 
was taken out of the cylinder a, 
there was no pressure upon the 
valve V to balance that beneath it, 
consequently the air in the tube z 
opens its valve Vy and part of it 
rushed into a. But as soon as part 
of the air had left the tube z^ the 
pressure of the atmosphere upon ^ 
the water in the dish was greater 
than that of the air intlie tube; and, 
therefore, by the excess of pressure, 
the water is driven into it as high 
as /• 

Charles. The valve v is again 

shut. 

Father. That is, because the air 
is diffused equally between the level 
of the water at / and the piston a, 
arid therefore the pressures oveir and 
under the vs^lve a\^ ^c^i^., K^^^ 
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the reason that the water rises no 
hi>^l)er than / is, that the air in 
tl)at Hpace is not only equally diffused 
but is of the same density as the 
air without. Push down the piston 
a «)gain. 

Emma. I saw the valve in the 
pis'ou open. 

Father. For the air between the 
piston and valve v could not escape 
by any other means than by lifting 
up the valve in a. \ will draw up 
the piston. 

Charles. The water has risen now 
above the valve x; as high as m. 

Father. I dare say you can tell 
the cause of this. 

Chai'ks. Is it this : by lifting 
up the piston, the air that was be- 
tween / and the valve v rushed into 
A^ and the e?iterua\ ipxe&^>3L\^ c^S, \S\^ 
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atmosphere forced the water after 
it? 

Father. And now that portion of 
air remains between the surface of 
the water m and th§ piston. The 
next time the piston is forced 
down all the air must escape^ the 
water will get. above the valve in 
the piston, and, in raising it up 
again, it will be thrown out of the 
spout. 
Emma. Will the act of throwing 
^ that out, open the lower valve, again^ 
and bring in a fresh supply ? 

Father^ Yes: every time the 
piston is elevated, the lower valve 
rises, and the upper valve falls;, 
• but every time the piston is depressed, 
the lower valve falls, and th^ upper 
one rises. 
Emma. This method i]& \i\ica^ 

. \3 a 
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water is so simple and easy, that I 
wonder peopi ; should take the trour 
ble of drawing w^ter up from deep 
wells, wiien it might be obtained sq 
xuuch eai^ier by a pump. 

Father. 1 was going to tell you 
that the action of pumps, so beauti- 
ful and simple as it is, is very limit- 
I ed in its operation. If the water 
in the well be more than 32 or 33 
feet from the valve r;, you may 
pump for ever, but without any 
effect. 

Charles. That seems strange; but 
why ^'6 feet in particular ? . 

Father. I h ive already told 
you, that it is the weight of the 
atmosphere vvhich forces the water 
into the vacuum of the pump : 
now, if this weight were unlimited^ 
the action oi iVie ^wvjx^ vrould be 
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SO likewise ; but the weight of 
the atmosphere is only about 14 
or \5 pounds on every square inch ; 
and a column of water, of about 33 
feet in height, and whose surface is 
one square inch, weighs also 14 or 
15 pounds. 

Charles. Then the weight of the 
atmosphere would balance or keep 
in equilibrio only a column of water 
of 33 feet high, and consequently 
could not support a great column of 
water, much less have power to raise 
it up. 

Father. The operation is effec- 
ted entirely by the pressure of the 
atmosphere on the surface of the 
water, by which it is forced into the 
space formerly occupied by the air. 
This is not a sudden operation: \\ 



< 
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requires many strokes of a pump to 
withdraw as much air as to allow 
the water to rise so many feet above 
the surface. 

Emma. A pump, then» would 
be of no use in the deep wells 
which we ^aw near the coast in 
Kent. 

Father. None at all : the piston 
of a pump should never be set to' 
work more than 28 feet above the 
water, because, at some periods, the 
pressure of the atmosphere is so much 
less than at others, that a column of 
water, something more than 28 feet, 
will be equal to the weight of the 
air. 

You cannot better fix in your 
mind the principle and action of the 
pump than by committing to your 
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memory Dr. Darwin's beautiful de- 
scription of it : -^ 

Ktmphs! Vou 6rst taught to pierce the secrat 

caves 
Of humid earth, and lift her ponderous waves ; 
Bade with quick stroke the sliding piston hear 
The viewless columns of incumbent air ; — 
Press'd by th' incumbent air, the floods below. 
Thro' op'ning valves in foaming torrents flow; 
Foot after foot with lessened impulse rnove^ 
And, rising, seek the vacaney above. 

Botanic Gmcueh. 
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CONVERSATION XX. 



Of the Forcing-pump, Fire-engme, 
Rope-pump, Chain-pump, and fVa* 
ter-press. 

CHARLES. Why is this called 
the forcing-pump ? (Plate IV, Fig. 
35.) 

Father. Because it not only raises 
the water into the barrel, like the 
common pump, but afterwards forces 
it up into the reservoir k k. 

Emma. How is that operation 
performed, p^i^^. 
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Father. The pipe and barrel 
are the same as in the other pump, 
but the piston g has no valve; it 
is solid and heavy, and made air- 
tight, so that no water can get 
above t. 

Charles. Does the water come up 
, through the valve a^ as it did in the 
last ? 

Father. By raising up the piston, 
or, as it is generally called, the 
plunger g, a vacuum is made in 
the lower part of the barrel, into 
which, by the pressure of the air, 
the water rushes from the well, as 
you shall see. 

Emma. And the valve is. shut 
down. 

Fatlier. The water not being able 
to go back again, and being a fluid 
that is nearly incom^t^^s\VA^t nitL^x^ , 
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the plunger is forced down it escapes 
along the pipe m, and through the 
valve b into the vessel k. 

Charles. Though the water stands 
no higher than h^ yet itflovirs through 
the pipe f to some height. 

Fatlier. The pipe fz is fixed into 
the top of the vessel, and is made 
air-tight, so that no air cail escape 
out of it after the virater is higher 
than if the edge of the pipe. 

Emma. Then the whole quantity 
of air, which occupied the space 
F 6, is compressed into the smaller 
space k F. 

Fatlier. You are right; and there- 
fore the extra pressure on the water 
in the vessel forces it through the 
p»pe, as you see. 

Charles. And the greater the con- 
c/ensation, thai '\s, ibe more watcf 
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you force into the vessel k, the higher 
the stream will mount. 

Father. Certainly : for the forc- 
idg^pump differs froiti the last ia 
this respect^ that there is no limit 
to the altitude to which water 
may be thrown^ since the air 
may be condensed to almost any 
degree. 

The water-works at London Bridge, 
alluded to p. 101, exhibit a most cu- 
rious engine, constructed upon the 
principle of the forcing- pum p : the 
wheel- work is so contrived as to move 
either way, as the water runs : by 
these works, 140,000 hogsheads of 
water are raised every day. 

Emma. Is there any rule to cal- 
culate the height to which an engine 
will throw water ? 
Father. If the ait's covAw^'saS^v^^v 

VOL. III. IC 
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be double that^of the atmosphere, its 
pressure will raise water 33 feet; if 
the condensation be increased three* 
fold, the water will reach 66 feet; 
and so on, allowing the addition of 
33 feet in height for every increase 
of one to the number that expressed 

|k the air's condensation. 

B Charles. Are fire-engines made 

■f^in this manner ? 

Father. They are all constructed 
on the same principle, but there are>^ 
two barrels, by which \vater is al- 
ternately driven into the air-vessels ; 
by this means the condensation is 
much greater ; the water rushes out 
in a continued stream, and with such 
velocity, that a raging fire is rather 
dashed out than extinguished by it, 
which is well described in the Botanic 
Garden : — 
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Nthpms ! Yoo fint taught the gelkl wave to 

Hurl'd in resplendent arches to the skies ; 
Id iron cells condensed the airy spring, 
And imp'd the torrent with unfailing wing. 
—On the fierce flames the show'r impetuoui) 

falls, [walls; 

And sudden darkness sh roods the shattered 
Steam, smoke, and dust^ in blended volumei 

roll. 
And night and silence re-possess the pole. 

Garden-engines are also construct* 
ed on a principle similar to that 
which we have been describing. 
' This figure (Plate IV, Fig. 36) is 
the representation of a method of 
raising water from wells of consider- 
able depth. 

Emma. Is it a more convenient 
method than the wheel and axis ? 

Father. The wheel and axis are 
adapted merely to Av^v* w^ ^^v^^^^ 
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buckets: whereas the rope-pan 
intended to throw water into a t 
voir to almost any height. Itco: 
of three hair-ropes passing ovei 
pulleys A and b, which have : 
grooves in each. The lower p 
li is immersed in the water, in n 
"it is kept suspended by a W' 
x. The pulleys are turned r 
ivith great velocity by multipl 
wheels, and the cords, in 
ascent, carry up a conside 
quantity of water, which 
discbarge into the box or rese 
z, from whence, by pipes 
may be conveyed elsewhere, 
ropes must not be more than a 
an inch apart. 

Emma. What is the rcaso 
thatf papa i 
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Father. Because^ in that case^ a 
sort of column of water will ascend 
between the ropes, to which it ad- 
heres by the pressure of the atmo«» 
Inhere. 

Charles. Ought not this column, 
in its ascent, to fall back by its own 
gravity ? 

Father. And so it would did n 
the great velocity of the ropes occa- 
sion a considerable rarefaction of the 
air near them, consequently the ad* 
iacent parts of the atmosphere, press* 
ing towards the vacuity, tend to 
support the water. 

Emma. Can any considerable 
quantity of water be raised in this 
way ? 

Father. At Windsor, a pump of 
Ibis kind will raise, by the eiSbrts of 




pne maxit about 9 gallons ol 
in a Diinute, from a well j 
deep, lo tbe beginning of i 
t|ie columQ of water adhei 
the ro[>e is always less thai 
it Uas been worked for soni 
and tiie quantity continues 
. crease till the surrounding i 
take of its motion. There 
auollier of these pumps at tl 
place, which raises water fr 
welt in tbe round tower 178 
depth. 

Charles. Pray what is a 
pump ? 

Father. It consists of two 
or cylindrical barrels^ throug 
a chain passes, having a nu 
flat pistons, or valves, fixed i 
at proper distaoces. Th( 



passes round wh^I-work» . fi^ed ^t 
one end of the machine. A whola 
row of the pistons, which go free of 
the sides of the barrel, are always 
rising when the pump is at work ; 
and> as this machine is generally 
worked with great velocity, they 
bring up a full bore of water in 
pump. 

jj^mma. For what purposes is 
C^hain pump chiefly used ? 

Father. It has been used in tha 
navy, to prevent the fatal accidentu 
which have sometimes happened on 
shipboard by the choking of pumpsr 
with valves, 

Charles. Is it confined to nauti«« 
cal uses ? 

Father. No, it is adapted to the 
raising of water in all situatiQjQia^ 
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where it happens to be mixed witb 
sandi or other substances, which de* 
Stroy comaion pninps, as in alam* 
works ; in mines ; in quarries, &c. 
Id its present improved state, it is 
simple and durable, and may be 
made of metal or wood at a mode- 
expense. 

^ffnma. You told us, some time 
^, that, when we had seen the na- 
ture, and understood the construc- 
tion of valves, yon would explain the 
action of the water- press. 

Father. This is a good time for 
the purpose, and with it I shall 
conclude our Hydrostatical Conver-t 
sations. 

You must turn back to the second 
Plate (Fig. 14) : a is a strong cast- 
iroa Cf linder, ground very accurately 
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within^ that the piston e maj fit ex- 
ce^ingly close and well. I need 
scarcely tell you^ that the little figure 
represents a forcing-pump, with a 
solid plunger c> and a valve n that 
opens upwards, through which the 
water is brought into the pipe no. 
By bringing down the plunger 
the water in n p is forced throuj 
the valve x into the bottom of tl 
cylinder, and thereby drives up the 
plunger e. 

Charles. What does m repre- 
sent? 

Father, A bundle of hay, or bag 
of cotton, or any other substance that 
it may be desirable* to bring into » 
compass twenty or thirty times less 
than it generally occupies. 

Emma. X se6 now the wivole 
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operation : the more water there n 
forced into n o, the higher the 
plunger is lifted up» by which the 
substance m is brought into a 
smaller space. 

Father. Every time the handle s 
is lifted up> tite water rushes in from 

e well or cistern, and when it is 
ught down, the water must be 

reed into the cylinder. The power 
of' this engine is only limited by the 
strength of the materials of which it 
is made, and by the force applied 
to it. 

Mr. Walker says, a single maa 
working at s, can, by a tnachine of 
this kind, bring hay, cotton, &c., 
into twenty times less compass than 
it was before ; consequently, a vessel 
gwrfyiug light goods may be 
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made to contain twenty times more 
packages, by means of the water* 
press, than it could without its as- 
sistance. 



END OF THE THIRD VOLUME. 
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